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IN THE UNITED STATES PATENT AND TRA DEMARK OFFICE 
APPLICANT: PFALLER - 1 (PCT) US 

PCTNO.: PCT/EP 00/06091 FILED: JUNE 29, 2000 

TITLE: PYRF GENE AND ITS USE 



PRELIMINARY AMENDMENT 



BOX PCT 
U.S.P.T.O. 
P.O. Box 2327 
Arlington, VA 22202 



Dear Sir: 

Preliminary to Examination, please amend the above- 
identified application as follows: 
TN THE ABSTRACT 

Please insert the Abstract attached hereto on its own 

separate page. 



IN THE DRAWINGS 

Please add one additional sheet of drawings showing new 

FIGS. 3, 4, 5 and 6. 



IN THE SPECIFICATION 

On Page 1, below the title, and above line 3, please insert 
as follows: 

-- CROSS REFERENCE TO RELATED APPLICATIONS 

Applicant claims priority under 35 U.S.C. §119 of German 
Application No. 199 34 408.6 filed July 22, 1999. Applicant also 
claims priority under 35 U.S.C. §120 of PCT/EPOO/06091 filed June 
29, 2000. The international application under PCT article 21(2) 
was not published in English. 

BACKGROUND OF THF INVENTION 



y> 1. Field of the Invention - - 

© On Page 1, in line 7, please insert: 

0- 

--2. The Prior Art-- 



On Page 2, in line 20, please insert: 
--SUMMARY OF THE INVENTION- - 



On Page 8, please amend the paragraph in lines 12 to 21 to 
read as follows: 

2 



m 



--DNA sequences which are involved other than as 
transcription terminators at the 3^ end of the protein-encoded 
gene in the expression and secretion of the expressed gene can 
likewise be present in the DNA vector of the invention. One 
example thereof is provided by the gene for the laccase from 
Neurospora crassa, whose 3' end contains the sequence for 13 
amino acids which are deleted during secretion of the protein and 
are no longer present in the mature protein (Germann et al . , J . 
Biol. Chem. (1988) 263. 885-896).-- 

On Page 12, please amend the paragraph in lines 20 to 27 to 
read as follows: 



y, --In a preferred embodiment of the invention, the 

W filamentous fungus Trametes versicolor is transformed in a 



homologous system with the gene of a laccase from Trametes 
versicolor. This achieves an increase in the expression rate for 
said laccase, which significantly improves the production rate in 
the fermentation of 0.1 g of laccase/1 of culture medium which 
can be achieved in the prior art.-- 



On Page 15, in line 8, please insert: 



3 



sistts 

o 



m 



--BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 shows the vector pTV gap being 3.7 kb in size; 

FIG. 2 shows the clone pPyr Fgap being 5.3 kb in size; 

FIG. 3 shows the SEQ ID NO: 4 for Primer A; 

FIG. 4 shows the SEQ ID NO: 5 for Primer B; 

FIG. 5 shows the SEQ ID NO: 6 for Oligo PyF-1; and 

FIG. 6 shows the SEQ ID NO: 7 for Oligo PyF-2. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS - - 
yj On Page 16, please amend the paragraph in lines 9 and 10 to 

read as follows: 

--Primer A: (See FIG. 3) SEQ ID NO: 4 
p Primer B: (See FIG. 4) SEQ ID NO: 5-- 

W On Page 19, please amend the paragraph in lines 1 to 12 to 

n 

fsl 

read as follows: 

--3.4 kb of sequence information was found from the longest 
of the pyrF clones. This pyrF clone was called pyrFGl (SEQ ID 
NO: 1) . The pyrF61 clone contained sequence information for the 
pyrF structural gene (coding region, SEQ ID NO: 1, bp, 1133- 
1877) . The coding sequence region additionally contained an 
intron (SEQ ID NO: 1, bp 1226-1286) which is not translated into 
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amino acid sequence. The corresponding pyrF cDNA gene is 
indicated in SEQ ID NO: 2. The pyrF structural gene present in 
the pyrF61 clone, without the intron sequence, codes for a 
protein having the amino acid sequence indicated in SEQ ID NO: 
3 . -- 



o 



m 

SI 

9 

o 



On Page 20, please amend the paragraph in lines 9 to 12 to 
read as follows: 

--Oligo PyF-1 (See FIG. 5) SEQ ID NO: 6 
Oligo PyF-2 {See FIG. 6) SEQ ID NO: 7--. 

A Marked-Up Version of Specification Pages 1, 2, 8, 12, 15, 



16, 19 and 20 is enclosed. 
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IN THE CLAIMS: 

Please cancel claims 1 to 7 without prejudice, and please 
replace by inserting new claims 8 to 16, as follows: 

8 . A DNA sequence which codes for a protein having an 
enzymatic activity of orotate phosphoribosyl -transferase (pyrF 
activity) which comprises 

a DNA sequence selected from the group consisting of 
b the DNA sequence SEQ ID NO: 1 in a region from position 




1133 up to and including position 1877, 



1 up to and including position 684, 



the DNA sequence SEQ ID NO: 2 in a region from position 



a DNA sequence having a sequence homology of more than 
70% with the said region of the DNA sequence SEQ ID NO: 1, and 



a DNA sequence having a sequence homology of more than 



70% with the said region of the DNA sequence SEQ ID NO: 2. 



9. A protein having pyrF activity, which comprises 



an amino acid sequence selected from the group 



consisting of 
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the amino acid sequence SEQ ID NO: 3; and 
an amino acid sequence having a sequence homology of 
more than 70% with the amino acid sequence SEQ ID NO: 3. 



in 



10. An expression vector which comprises a DNA sequence as 
claimed in claim 8. 

11. A microorganism which comprises an expression vector as 
claimed in claim 10, 

12 . A process for producing fungal strains which are 
capable of efficient expression and secretion of proteins, 
comprising 

transforming a fungal strain with an auxotrophic gene 
defect as host strain in a transformation mixture, using with an 
expression vector which has a gene for complementation of the 
auxotrophic gene defect in the host strain; 

selecting clones transformed with the expression vector 
from the transformation mixture by selection for complementation 
of the auxotrophic gene defect; 
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controlling expression of the gene for complementation 
of the auxotrophic gene defect in the host strain by a genetic 
regulatory element which is active in the host strain; and 

employing as host strain a uridine-auxotrophic fungus 
selected from the group of genera consisting of Trametes, 
Coriolus and Polyporus with a gene defect in the pyrF gene. 



y 
m 



13 . An expression system comprising 

a host strain selected from the group of genera 
consisting of Trametes, Corilous and Polyporus having a genetic 
defect in metabolism, on the basis of which the metabolite 
uridine which is essential for growth is no longer synthesized, 
and the host strain is no longer able to grow on minimal media 
without addition of this metabolite; and 

an expression vector comprising a selection marker gene 
which complements the auxotrophic gene defect of the host strain, 
wherein the host strain has a genetic defect in metabolism a 
defect in the pyrF gene, and the selection marker gene is the 
pyrF gene from a fungus of the class Basidiomycetes . 
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14 . A process for producing a protein, which comprises 
employing an expression system as claimed in claim 13 

comprising a gene encoding the protein in a manner known in a 
culture for protein production; and 

obtaining the protein from the culture. 

15. A process for producing a protein, which comprises 
cultivating in a culture a microorganism as claimed in 

claim 11, comprising a gene encoding the protein; and 
obtaining the protein from the culture. 

16 . A process for producing a protein, which comprises 
cultivating in a culture a fungal strain produced by a 

process as claimed in claim 12, comprising a gene encoding the 

protein; and 

obtaining the protein from the culture. 



REMARKS 



By this Preliminary Amendment, the Specification has been 
amended to include a cross-reference to related applicatons which 
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has been inserted in page 1. Also pages 1, 2 and 15 have been 
amended to recite the Specification section headings required by 
U.S. practice. In addition, pages 16 and 20 of the U.S. 
Specification have been amended to conform to the requirements of 
U.S. practice as it relates to biotechnology. Thus the 
nucleotide bases for SEQ ID NOs : 4, 5, 6 and 7 have been canceled 
from these pages 16 and 2 0 and now appear in the drawings as new 
FIGS. 3, 4, 5 and 6, respectively. Furthermore, pages 8, 12 and 
19 of the Specification have been amended to conform to the 
changes made in the International Office. 

The amendments to the claims are to cancel the originally 
filed claims 1 to 7 without prejudice, and to replace these 
claims with new claims 8 to 16. New claims 8 to 16 eliminate the 
multiple dependency of the claims, so as to avoid the U.S.P.T.O. 
surcharge therefor. Also claims 8 to 16 have been written so as 
to comply with U.S. formal requirements. Claims 8 to 16 
correspond to the amended claims filed in the International 
Office. 
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An Abstract of the Disclosure on its own separate page is 



enclosed. 



No new matter has been introduced by this amendment, 
of this amendment is respectfully requested. 

Respectfully submitted, 
PFALLER - 1 US (PCT) 

By: 



Entry 




Allison C. Collard^Reg, 
Edward R. Freedm^, Reg 
Attorneys for Applicant 



22,532 
26, 048 



COLLARD & ROE, P.C. 
1077 Northern Boulevard 
Roslyn, New York 11576 
(516) 365-9802 
ERF/mt 

Enclosure: (1) 
(2) 



(3) 



Abstract of the Disclosure; 

Version of Amended Specification pages 
19 and 2 0; 
4 , 5 and 6 . 



Marked-Up 

1, 2, 8, 12, 15, 16, 
New Drawing FIGS . 3 , 



EXPRESS MAIL # EL 871451535 US 
DATE: January 18, 2 002 

I hereby certify that this paper or fee is being deposited with the United 
States Postal Service "Express Mail Post Office to Addressee" service under 3 7 
CFR 1.10, on the date indicated above, and is addressed to the U.S. Patent and 
Trademark Office, Box PCT, P.O. Box 2327, Arlington, VA 22202. 




Lisa L. Vulpis 
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ABSTRACT OF THE DISCLOSURE 

A pyrF gene is useful as a selection marker gene for an 
expression system for the production of proteins in mushrooms of 
the genus Trametes, Coriolus or Polyporus . The pyrF gene 
includes a DNA sequence SEQ ID NO: 1 from position 1133 up to and 
including position 1877 or DNA- sequence SEQ, ID NO: 2 from 
position 1 up to and including position 684 or a DNA-sequence 
with a sequence homology greater than 60% relative to the above- 
mentioned regions of sequence SEQ ID NO: 1 or SEQ ID NO: 2, 



12 



mm 



10/ ^; 



In 



MAPKF.n-UP VERSION 
OF 

AMENDED <=^PKCTFICATION 
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wo 01/07620 

pyrF gene and ats use a^^. /^n-r/CW^^^^ ^^^^ 

^ ife^^^iH&^^S^il^a pyrF gene and its use as 
selection marker gene for an expression system for 
5 producing proteins in fungi of the genera Trametes, 
Coriolus or Polyporus. 

Various prokaryotic and eukaryotic expression systems 
are known for producing proteins. The application 
DE-A-19814853 describes in detail the prior art in this 
regard. DE-A-19814853 itself discloses a process for 
transforming filamentous fungi from the genera Trametes 
and Polyporus, with which it is possible to achieve 
significantly higher production rates for a protein 
15 expressed in each case. The application discloses 
expression vectors which comprise genetic regulatory 
elements for expression in filamentous fungi of the 
class Basidiomycetes. On transformation of filamentous 
fungi of the class Basidiomycetes they permit positive 
transformants to be selected on the basis of the 
complementation of an auxotrophic gene defect. 



10 



20 



The gene defect disclosed in DE-A-19814853 relates to 
the pyrG gene. This gene codes for orotidine-5' - 

25 phosphate decarboxylase. DE-A-19814853 also discloses 
strains with a defect in the pyr<3 gene which are able 
to grow on minimal medium only in the presence of 
uridIHe (uridine auxotrophy) . After transformation of 
these strains with DNA vectors which comprise an intact 

30 pyrG gene, the uridine-auxotrophic strains again grow 
on minimal medium without uridine (uridine 
prototrophy) . 

Uridine-auxotrophic strains are isolated in the state 
.35 of the art (Boeke et al.. Methods Enzymol. (1987) 154, 
164-175) by treatment with the genotoxic substance 
5-fluoroorotic acid (FOA) . Uridine-auxotrophic strains 
generated on treatment with FOA have a genetic defect 
either in the pyrG gene or in the pyrF gene. The pyrF 



gene is also called the ura5 gene. It codes for the 
enzyme orotate phosphoribosyltransf erase. 

Uridine-auxotrophic Basidiomycetes strains with a 
defect in the pyrF gene would also be valuable strains 
for transformation with the aim of producing proteins 
if the intact pyrF gene from Basidiomycetes were 
available as selection marker gene for efficient 
transformation. However, pyrF genes have to date been 
described only for fungi from the class Ascomycetes 
such as, for example, Podospora anserina (T^ene 53^ 
(1987) , 201-209} , Kluyveromyces lactis (unpublished, 
the DNA sequence is deposited in the '"Genbank" database 
under the accession number kl j 001358 • gb_pl) or Yarrowia 
lipolytica (M. Sanchez et al.. Yeast 11 (1995), 425- 
433) . On the other hand, no pyrF genes from filamentous 
fungi from the class Basidiomycetes such as, for 
example, of the genera Trametes, Coriolus or Polyporus 
are known. ^ ^ 

One object of the present invention is to provide pyrF 
genes from filamentous fungi from the class 
Basidiomycetes. These genes are suitable for use as 
selection marker genes for the transformation of 
uridine-auxotrophic strains • 

The present invention relates to a DNA sequence which 
codes for a protein having the enzymatic activity of 
orotate phosphoribosyltransf erase (pyrF activity) , 
which comprises the chromosomal DNA sequence 
SEQ ID NO: 1 from position 1133 up to and including 
position 1877, or comprises the cDNA sequence 
SEQ ID NO: 2 from position 1 up to and including 
position 684, or comprises a DNA sequence having a 
sequence homology of more than 60% with the DNA 
sequence SEQ ID NO: 1 or SEQ ID NO: 2. 

A preferred DNA sequence has a sequence homology of 
more than 70% with the DNA sequence SEQ ID NO: 2. 
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be brought about, for example, by inserting a 
recognition sequence for a protein-cleaving enzyme into 
the linkage site between the secretion carrier and the 
protein to be secreted. An example of this which may be 
5 mentioned is the lysine-arginine recognition sequence 
for the so-called KEX2 protease and an example of a 
secretion carrier is the glucoamylase from Aspergillus 
niger (Contreras et al., Bio/Technology (1991) 9, 378- 
381, Broekhuijsen et al., J. of Biotechnology (1993) 
10 31, 135-145). 

/ ^ DNA sequences which are involved other than as 
transcription terminators at the 3' end of the protein- 
encoding gen^in th e ^^e x ^res sion and secretion of the 

15 expressed ^plression^can likew^ be present in the DNA 
vector of the invention. One example thereof is 
provided by the gene for the laccase from Neurospora 
crassa, whose 3' end contains the sequence for 13 amino 
acids which are deleted during secretion of the protein 

20 and are no longer present in the mature protein 

p^l (Germann et al., J. Biol. Chem. (1988) 263, 885-896). 

Preparation of the expression vectors of the invention 
takes place by methods known in the prior art. Various 
25 possibilities are explained in the examples. The 
methods described therein can be applied by the skilled 
worker to any desired other vectors, resistance genes, 
regulatory elements and structural genes. 

30 The invention further relates to microorganisms which 
comprise an expression vector of the invention. 

Microorganisms suitable for the expression of an 
expression vector of the invention are strains of 
35 filamentous fungi from the class Basidiomycetes . 



Strains from the genera Trametes, Coriolus and 
Polyporus are particularly suitable. 
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uridine-auxotrophic filamentous fungus selected from 
the genera Trametes, Coriolus and Polyporus, The 
relevant strain from the class Basidiomycetes may be a 
monokaryotic or else a dikaryotic strain. In a 
5 preferred embodiment, it is a uridine-auxotrophic 
strain which has a defect in the pyrF gene- 

Particularly preferred for the transformation is a 
monokaryotic, uridine-auxotrophic, pyrF-def icient 
10 strain from the species Trametes versicolor. 

The selection of positive transformants takes place, 
for example, by placing protoplasts, after trans- 
formation with vector DNA, on a medium to which is 
15 added, for osmotic stabilization of the protoplasts, an 
addition such as, for example, sorbitol, mannitol or 
sucrose and which allows the. selection of transformants 
with the complementing pyrF gene* 



20 In a preferred embodiment of the invention, the 
filamentous fungus Trametes versicolor is transformed 
in a homologous system with the gene of a laccase from 
Trametes versicolor. This achieves an increase in the 
expression rate for said laccase, which significantly 

25 improves the production rate in the fermentation of 
0.1 g of laccase/1 of culture medium which cai^^chieved 

^ r| in the prior art. 

Preferably used for this purpose is the promoter which 
30 is intrinsic to the laccase gene or the promoter for a 
strongly expressed gene from Trametes versicolor. The 
promoters of the laccase genes I and III, whose 
isolation and use is described in DE-A-19814853, are 
preferably used. The promoter of another strongly 
35 expressed gene is represented by the GAPDH promoter for 
the glyceraldehyde-3-phosphate dehydrogenase from 
Trametes versicolor. 



Selection media preferably used are those on which only 
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10 



15 



20 



25 



30 



35 



which has been produced by the process of the 
invention. 

Such production processes are known in principle, for 
example from Eggert et al., Appl. Environ. Microbiol 
(1996) 62, 1151-1158, Martinez et al., Appl. Microbiol. 
Biotechnol. (1994) 41, 500-504, or WO 93/08272. 

The following ex^ples serve to illustrate the 
invention further. The standard methods used in the 
examples for treating DNA or ' RNA, such as treatment 
with restriction endonucleases, DNA polymerases, 
reverse transcriptase etc., and the standard methods 
such as transformation of bacteria. Southern and 
Northern analysis, DNA sequencing, radiolabeling, 
screening and PCR technology were, unless indicated 
otherwise, carried out as recoitimended by the 
manufacturer or, if no manufacturer' s instructions were 
available, in accordance with the prior art known from 
standard textbooks. 

Isi: exas^le 

Isolat:ion of a pyrF-specif ic DNA probe 

A DNA probe for isolating a pyrF gene was generated by 
PCR amplification from T. versicoloi: genomic DNA with 
degenerate primers. The degenerate primers were 
constructed on the basis of a comparison with sequences 
of -kaown pyrF genes. Genes for orotate phospho- - •- 
ribosyltransferase (referred to as pyrF genes or, in 
another nomenclature, referred to as ura5 genes) were 
sought in the following gene databases: a) swissprot, 
b) sptrembl, c) pir, d) embl, e) genbank, f) em_tags, 
g) gb_tagsEMBL. OraS, or pyrF, genes of the following 
organisms were selected for the sequence comparison: 
Yarrowia lipolytica, Saccharomyces cerevisiae, 
Escherichia coli, Rhizomucor circinelloides, 
Colletotrichum graminicola, Trichoderma reesei and 
Sordaria macrospora. The amino acid sequences of said 
pyrF genes were compared. It was possible by the 
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comparison of sequences to identify three peptides with 
a length of from 6 to 9 amino acids which were 
completely conserved in all pyrF proteins. Two of these 
peptides were back-translated into DNA, taking account 
5 of degenerate codons, in order to produce degenerate 
primers. The primers had the following sequences (the 
abbreviation I refers to the base inosine) : 

<\ Primer A: ] 5^ -TTYGGICCIGCITAYAARGGIATHCC-^/( SEQ ID NO: 4 
10 Primer B: f^TTICCICCYTCICCRTGRTCYTT-P/ y SEQ ID NO: 5 

PGR amplifications were carried out in accordance with 
the prior art as stated by the manufacturer (PGR kit 
from Qiagen, Hilden) : a 50 pi PGR reaction contained 

15 100 ng of chromosomal T. versicolor DNA (isolated as 
described in the 2nd example) , the buffer provided by 
the manufacturer and, in addition, 1.25 U of Taq 
polymerase, 1,25 mM MgCl2/ 0.2 mM of each of the four 
dNTPs (dATP, dGTP, cGTP, dTTP) and in each case 

20 100 pmol of primers A and B. The other conditions for 
the specific amplification of the desired PGR product 
were: 4 min at 94 ''C, followed by 10 cycles of 1 min at 
94**G, 1 min at 45 °G and 1 min at 65 ^'G, and 30 cycles of 
1 min at 94^G, 1 min at 50*G and 1 min at 72''G. A PGR 

25 product of about 140 bp was obtained. The PGR product 
was purified by agarose gel electrophoresis, cloned 
into the pGR-Script vector (cloning kit from 
Str ata -gene, Heidelberg) and transformed into E. coli. 
The plasmid was isolated from cultivation of 

30 transformed E. coli. A DNA sequence analysis from the 
5' and 3' ends confirmed that the cloned DNA fragment 
was the fragment of a pyrF gene 

To prepare the DNA probe for screening pyrF genes, the 
35 pyrF-specific PGR fragment was cut out by treatment 
with Not I and Eco RI, isolated by agarose 
electrophoresis and labeled with the nonradioactive 
^^Gene Images'' detection kit from Amersham, 
Braunschweig. 
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/ 3.4 kb of sequence information was found from the 



longest of the pyrF clones. This pyrF clone was called 
pyrF61 {SEQ ID NO: 1) . The pyrF61 clone contained 
sequence information for the pyrF structural gene 
5 (coding region, SEQ ID NO: 1, bp 1133-1877). The coding 
sequence region additionally contained an intron 



into amino acid sequence. The corresponding pyrF cDNA 
gene is indicated in SEQ ID NO: 2. The pyrF structural 

10 gene present in the pyrF61 clone, without the intron 
sequence, codes for a protein having the amino acid 

1^ sequence indicated in SEQ ID NO: 3. 

In addition, the pyrF61 clone also contained sequence 
15 information in the region 5' upstream of the ATG start 
codon (promoter region, SEQ ID NO: 1, bp 1-1132) and 
sequence information in the region 3' downstream of the 
stop codon (terminator region, SEQ ID NO: 1, 
bp 1878-3448) . These are novel genetic regulatory 
20 elements for Trametes versicolor which can be used for 
producing expression vectors for gene expression in 
filamentous fungi from the class Basidiomycetes. 

4 th exaxnple 

25 Functional linkage of the Trametes versicolor G21PDH 
promoter to the pyrF gene from Trametes versicolor 
A: Cloning of the pyrF gene into the pBluescript vector 

For further processing, the pyrF gene from pyrF61 was 
recloned into the pBluescript vector. For this purpose, 

30 the pyrF gene was isolated as 1.6 kb Sac I-Spe I 
fragment from the pyrF61 clone obtained in the 
3rd example and was subcloned into the pBluescript 
vector which had previously been cut with Sac I and 
Spe I . The 4.6 kb plasmid resulting therefrom was 

35 called pPyrFl. 




which is not translated / 



B: Incorporation of a linker into pPyrFl for functional 
linkage of the ATG translation start codon of the pyrF 
gene to the GAPDH promoter 



- 20 - 

The pPyrFl vector was cut with Sac I, and the 
linearized vector 4.6 kb in size was isolated by 
agarose gel electrophoresis and dephosphorylated by 
treatment with alkaline phosphatase- The vector 
5 prepared in this way was ligated to the linker 
oligonucleotides PyF-1 (SEQ ID NO: 6) and PyF-2 (SEQ ID 
NO: 7). PyF-1 and PyF-2 had the following sequence: 

^ Oligo PyF-l: JS^ F^<^, S~) 

10 ^-CTAGACATGTCGCTCGAAAAATACCAGACAGAGCT-3j^ SEQ' ID NO: 6 

I Oligo PyF-2; . 

-CTGTCTGGTATTTTTCGAGC GACATGT CTAGAGCT~37 i/ SEQ ID NO: 7 

The cleavage site for the restriction endonuclease 
15 BspLUll I, which can be used for functional linkage to 
the GAPDH promoter from T. versicolor, is underlined in 
PyF-1 and PyF-2. 



Ligation mixtures of Sac I-cut pPyrFl with the linker 
20 oligos PyF-1 and PyF-2 were transformed into E. coli 
Top lOF' cells. Positive clones contained a newly 
introduced BspLDll I cleavage site {in addition to two 
previously present in pPyrFl) . The correct orientation 
of the incorporated linker, with which a BspLUll I 
25 cleavage site had been introduced at the start ATG 
codon of the pyrF gene, was determined by DNA sequence 
analysis. The vector produced in this way (about 4.5 kb 
in size) was called pPyrF2. 

30 C: Incorporation, of the T. versicolor GAPDH promoter 
into the pUC19 vector 

The DNA sequence of the promoter for the T. versicolor 
GAPDH gene is disclosed in DE-A-198148S3, SEQ ID NO: 3, 
bp 1-1542. A promoter fragment about 1 kb in size of 
35 the GAPDH gene was isolated as Sph I fragment and 
cloned into a pUC19 vector. Analysis by double 
digestion with the restriction endonucleases Eco RI 
(present in the polylinker of pOC19) and BspLUll I 
(present in the GAPDH promoter fragment) was followed 
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Primer A: 5' -TTYGGICCIGCITAYAARGGIATHCC-3' SEQ ID NO: 4 



Primer B: 5' -TTICCICCYTCICCRTGRTCYTT-B' SEQ ID NO: 5 



Oligo PyF-1: 

5'-CTAGACATGTCGCTCGAAAAATACCAGACAGAGCT-3' SEQ ID NO: 6 



Oligo PyF-2 : 

5'-CTGTCTGGTATTTTTCGAGCGACATGTCTAGAGCT-3' SEQ ID NO: 7 
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pyrF gene and its use 

The invention relates to a pyrF gene and its use as 
selection marker gene for an expression system for 
5 producing proteins in fungi of the genera Trametes, 
Coriolus or Polyporus, 



Various prokaryotic and eukaryotic expression systems 
are known for producing proteins. The application 
DE-A-19814853 describes in detail the prior art in this 
regard. DE-A~19814853 itself discloses a process for 
transforming filamentous fungi from the genera Trametes 
and Polyporus, with which it is possible to achieve 
significantly higher production rates for a protein 
expressed in each case. The application discloses 
expression vectors which comprise genetic regulatory 
elements for expression in filamentous fungi of the 
class Basidiomycetes • On transformation of filamentous 
fungi of the class Basidiomycetes they permit positive 
transformants to be selected on the basis of the 
complementation of an auxotrophic gene defect- 

The gene defect disclosed in DE-A'-19814853 relates to 
the pyrG gene. This gene codes for orotidine~5' - 
25 phosphate decarboxylase. DE-A-19814853 also discloses 
strains with a defect in the pyrG gene which are able 
to grow on minimal medium only in the presence of 
uridine (uridine auxotrophy) . After transformation of 
these strains with DNA vectors which comprise an intact 
30 pyrG gene^ the uridine-auxotrophic strains again grow 
on minimal medium without uridine (uridine 
prototrophy) . 

Uridine-auxotrophic strains are isolated in the state 
35 of the art (Boeke et al-. Methods Enzymol. (1987) 154, 
164-175) by treatment with the genotoxic substance 
5-f luoroorotic acid (FOA) . Uridine-auxotrophic strains 
generated on treatment with FOA have a genetic defect 
either in the pyrG gene or in the pyrF gene. The pyrF 
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gene is also called the uraS gene. It codes for the 
enzyme orotate phosphoribosyltransf erase. 

Uridine-auxotrophic Basidiomycetes strains with a 
defect in the pyrF gene would also be valuable strains 
for transformation with the aim of producing proteins 
if the intact pyrF gene from Basidiomycetes were 
available as selection marker gene for efficient 
transformation. However, pyrF genes "have to date been 
described only for fungi from the class Ascomycetes 
such aSf for example^ Podospora anserina {X?ene 53i 
(1987), 201-209), Kluyveromyces lactis (unpublished, 
the DNA sequence is deposited in the ^'Genbank" database 
under the accession number klj 001358 . gb_pl) or Yarrowia 
lipolytica (M. Sanchez et al., Yeast 11 (1995), 425- 
433) . On the other hand, no pyrF genes from filamentous 
fungi from the class Basidiomycetes such as, for 
example, of the genera Trametes, Coriolus or Polyporus 
are known. 

One object of the present invention is to provide pyrF 
genes from filamentous fungi from the class 
Basidiomycetes. These genes are suitable for use as 
selection marker genes for the transformation of 
uridine-auxotrophic strains . 

The present invention relates to a DNA sequence which 
codes for a protein having the enzymatic activity of 
orotate phosphoribosyltransferase (pyrF activity) , 
which comprises the chromosomal DNA sequence 
SEQ ID NO; 1 from position 1133 up to and including 
position 1877, or comprises the cDNA sequence 
SEQ ID NO: 2 from position 1 up to and including 
position 684, or comprises a DNA sequence having a 
sequence homology of more than €0% with the DNA 
sequence SEQ ID NO: 1 or SEQ ID NO: 2. 

A preferred DNA sequence has a sequence homology of 
more than 70% with the DNA sequence SEQ ID NO: 2. 
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In a particularly preferred embodiment, the present 
invention comprises a DNA sequence having , a sequence 
homology of more than 80% with the DNA sequence 
5 SEQ ID NO: 2. 

All the values mentioned for the homology in the 
present invention, relate to results obtained with the 
computer program ^^Wisconsin Package Version 9.1, 

10 Genetics Computer Group (GCG) , Madison, Wisconsin''. The 
homology is determined by searching the databa^se with 
the subprogram ^'blast" and the preset values (hit 
frequency 10.0). The sequences with the greatest 
similarity are then examined for homology using the 

15 subprogram '"gap". The preset parameters ''^gap creation 
penalty 50" and ^'gap extension penalty 3" are used in 
this in order to compare DNA sequences. The preset 
parameters ^'gap weight 8" and "'length weight 2" are 
used to compare amino acid sequences • 

20 

The DNA sequence of the invention SEQ ID NO: 1 from 
position 1133 up to and including position 1225 and 
from position 1287 up to and including position 1877, 
and the cDNA sequence derived therefrom SEQ ID NO: 2 
25 from position 1 up to and including position 684 codes 
for a protein having- pyrF activity. 

The — present invention therefore also relates to a- 
protein having pyrF activity, which comprises the amino 
30 acid sequence SEQ ID NO: 3 or comprises an amino acid 
sequence having a sequence homology of more than 60% 
with amino acid sequence SEQ ID NO: 3. 

The preferred amino acid sequence has a sequence 
35 homology of more than 70% with the amino acid sequence 
SEQ ID NO: 3. 



A particularly preferred amino acid sequence in the 
present invention is one with a sequence homology of 
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more than 80% with the amino acid sequence 
SEQ ID NO: 3. 

The DNA sequence SEQ ID NO: 1 from position 1226 up to 
5 and including position 1286 is an intron which is not 
translated into amino acid sequence. 

The DNA sequence SEQ ID NO: 1 represents from 
position 1 to position 1132 the DNA sequence for the 
10 promoter region for transcription of the pyrF gene from 
Trametes versicolor. This promoter sequence ca n be 
replaced by any other promoter sequences for the 
transcription. 

15 The DNA sequence of the invention can be obtained, for 
example, by cloning from the Basidiomycetes strain 
Trametes versicolor TV~1 (deposited at the DSMZ 
Deutsche Saramlung von Mikroorganismen und Zellkulturen 
GmbH, D--38124 Braunschweig under the number DSM 11523) . 

20 For this purpose, a Trametes versicolor TV-1 gene 
library is constructed by methods known per se. This 
may be a cDNA or a genomic gene library. 

The DNA sequence of the invention is isolated from the 
25 gene library by using DNA probes which contain pyrF- 
specific DNA sequences. • Such DNA probes can be 
obtained, for example, by a PGR reaction using DNA 
primers from genomic DNA of Trametes versicolor TV-1. 

30 The primers used are degenerate DNA sections with a 
length of, preferably, 23 to 26 bp, whose sequence is 
established by comparison with sequences of known pyrF 
genes. The DNA sections suitable as primers are 
preferably obtained by oligonucleotide synthesis of the 

35 established DNA sections. A pyrF gene of the invention 
can be isolated, for example, as described in 
examples 1 to 3. 



A pyrF gene which has been isolated in this way, for 
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example^, can be modified at any desired position in the 
sequence by techniques known to the skilled worker, 
such as, for example, site directed mutagenesis. The 
invention therefore also comprises a DNA sequence 
coding for a protein having pyrF activity comprising a 
DNA sequence with a sequence homology of more than 60%, 
preferably 70%, particularly preferably 80%, with the 
DNA sequence SEQ ID NO: 2 from position 1 up to and 
including position 684. 



10 



To express the DNA of the invention, the latter is 
cloned in an expression vector in a manner known per 
se, and this expression vector containing the pyrF gene 
is introduced into a microorganism and' expressed in the 
15 microorganism. 

^ The invention therefore also relates to an expression 

vector which comprises a pyrF gene of the invention. 

20 The expression vectors of the invention are 
particularly suitable for expressing genes which code 
for proteins in a host organism of the genus Trametes, 
Coriolus and Polyporus. Genes which code for proteins 
mean for the purpose of the invention also the cDNA 
25 genes derived from the structural genes of the 
proteins. The proteins may be proteins which are 
heterologous for the host organism or proteins which 
are hom ologous for the host organism. 

30 The expression vector of the invention thus preferably 
also comprises at least one gene which codes for a 
protein to be expressed. 

The expression vector of the invention particularly 
35 preferably comprises at least one gene which codes for 
a hydrolytic enzyme, for example from the group of 
cellulases, hemicellulases and lipases or from the 
group of oxidoreductases such as, for example, the 
lignin peroxidases, manganese peroxidases, laccases, 
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cellobiose-quinone oxidoreductase or cellobiose 
oxidase . 

The expression vector of the invention particularly 
5 preferably comprises a gene for a laccase. 

The expression vector of the invention may be a DNA 
construct which is integrated into the genome of the 
host organism and replicated together with the latter. 
10 Alternatively, the expression vector may be an 

autonomously replicating DNA construct which. is not 

integrated into the host genome, such as, for example, 
a plasmid, an artificial chromosome or a comparable 
extrachromosomal genetic element. 

15 

An expression vector of the invention ought preferably 
also to comprise the following genetic elements: 

a promoter which mediates the expression of a protein- 
20 encoding gene in the host organism* This ought 
preferably to be a strong promoter, so that high 
expression efficiency can be ensured. The promoter is 
preferably functionally linked to the 5' end of the 
gene to be expressed. The promoter may originate from 
25 the gene to be expressed, or else the promoter of a 
foreign gene can be used. 

Suitable and preferred promoters are selected from the 
group of promoters active in filamentous fungi of the 

30 class Basidiomycetes, such as, for example, the GAPDH 
promoter from Trametes versicolor, promoters for 
laccase genes from Trametes versicolor or Polyporus 
pinsitus, the promoter for the Ornithine trans- 
carbamoylase gene or the GAPDH gene from Coriolus 

35 hirsutus or the GAPDH promoter from Agaricus bisporus. 

The GAPDH promoter from Trametes versicolor is 
particularly preferred. This promoter is disclosed in 
DE-A-19814853, example 5, and DE-A^19814853, SEQ ID NO: 
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3r base 1-1542. 

The expression vector ought also preferably to comprise 
signals suitable for the host organism for termination 
5 of transcription and, in eukaryotes, additional signals 
for polyadenylation, which signals are functionally 
linked to the .3' end of the gene to be expressed. Such 
signals for termination of transcription and 
polyadenylation are shown, for example, in SEQ ID 
10 NO: 1, bp 1878-3448. 

The transcription terminator used can be the terminator 
of the protein-encoding gene to be expressed or else 
the terminator of a foreign gene* The transcription 
15 terminator from a laccase gene is preferably used. 

Expression of the proteins can take place intra- 
cellularly or, in the presence of a signal sequence 
capable of functioning for the purpose of secretion, 
20 also extracellularly . 

If secretion of the expressed protein from the cell is 
desired, the expression vector of the invention 
preferably comprises a signal sequence capable of 
25 functioning 5' upstream, of the protein-encoding gene. 
It is additionally possible for a so-called secretion 
carrier, functionally linked to the 5' end of the 
prot-sin-encoding gene, to be present in the expression 
vector of the invention. 

30 

The secretion carrier may be the gene for a secreted 
protein or the fragment of a gene for a secreted 
protein. The secretion carrier can be functionally 
linked to the protein to be secreted in such a way that 
35 a fusion protein is produced from the secretion carrier 
and the protein to be secreted. In another embodiment, 
the linkage of secretion carrier and the protein to be 
secreted is designed so that the secretion carrier can 
be separated from the protein to be secreted. This can 
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be brought about, for example, by inserting a 
recognition sequence for a protein-cleaving enzyme into 
the linkage site between the secretion carrier and the 
protein to be secreted. An example of this which may be 
5 mentioned is the lysine-arginine recognition sequence 
for the SQ-called KEX2 protease and an example of a 
secretion carrier is the glucoamylase from Aspergillus 
niger (Contreras et al., Bio/Technology (1991) 9, 378- 
381/ Broekhuijsen et al., J. of Biotechnology (1993) 
10 31, 135-145) . 



DNA sequences which are involved other than as 
transcription terminators at the 3' end of the protein- 
encoding gene^^in the expression and secretion of the 

15 expressed e - xpt- e ssion can likewise be present in the DNA 
vector of the invention. One example thereof is 
provided by the gene for the laccase from Neurospora 
crassa, whose 3' end contains the sequence for 13 amino 
acids which are deleted during secretion of the protein 

20 and are no longer present in the mature protein 
(Germann et al . , J. Biol. Chem. (1988) 263 , 885-896). 

Preparation of the expression vectors of the invention 
takes place by methods known in the prior art. Various 
25 possibilities are explained in the examples. The 
methods described therein can be applied by the skilled 
worker to any desired other vectors, resistance genes, 
regulatory elements and structural genes. 

30 The invention further relates to microorganisms which 
comprise an expression vector of the invention. 

Microorganisms suitable for the expression of an 
expression vector of the invention are strains of 
35 filamentous fungi from the class Basidiomycetes . 



Strains from the genera Trametes, Coriolus and 
Polyporus are particularly suitable. 



Particularly preferred host organisms are monokaryotic 
strains from the genera Trametes, Coriolus and 
Polyporus • 

Host organisms of the species Trametes versicolor are 
particularly preferred. 

The host organism is preferably distinguished by having 
a genetic defect in metabolism (auxotrophy) , on the. 
basis of which the essential metabolite uridine can no 
longer be synthesized, and the host organism is no 
longer able to grow on minimal medium without addition 
of this metabolite. 

The expression vectors of the invention permit the 
selection of positive transf ormants on the basis of 
complementation of an auxotrophic gene defect in the 
host organism on transformation of fungi selected from 
the genera Trametes, Coriolus and Polyporus. 

The expression vectors of the invention are suitable 
for producing fungal strains which are capable of 
efficient expression and secretion of proteins. 

The invention therefore also relates to processes for 
the production of fungal strains which are capable of 
efficient expression and secretion of proteins. 



This process, in which a fungus with an auxotrophic 
gene defect is transformed as host strain in a 
transformation mixture, using process steps known per 
se, with an expression vector which has a gene for 
complementation of the auxotrophic gene defect in the 
host strain, and clones transformed with the expression 
vector are selected from the transformation mixture by 
selection for complementation of the auxotrophic gene 
defect, where expression of the gene for 
complementation of the auxotrophic gene defect in the 
host strain is controlled by a genetic regulatory 
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element which is active in the host strain, comprises 
employing as host strain a uridine-auxotrophic fungus 
selected from the genera Trametes, Coriolus and 
Polyporus with a gene defect in the pyrF gene. 

5 

The preferred host for gene expression is a 
monokaryotic basidiomycete from the genus Trametes, 
Coriolus or Polyporus. 

10 A host particularly preferred for gene expression is of 
the species Trametes versicolor having a defect in the 
pyrF gene and being auxotrophic for uridine. 

The invention also relates to an expression system 
15 comprising a host strain selected from the genera 
Trametes, Coriolus and Polyporus having a genetic 
defect in metabolism, on the basis of which the 
J] metabolite uridine which is essential for growth is no 

s longer synthesized, and the host strain is no longer 

^ 20 able to grow on minimal media without addition of this 

metabolite, and to an expression vector comprising a 
^ selection marker gene which complements the auxotrophic 

il gene defect of the host strain, wherein the host strain 

has as genetic defect in metabolism a defect in the 
25 pyrF gene, and the selection marker gene is a pyrF 
gene . 

The pyrF gene is preferably derived from a fungus of 
the genus Agaricus, Coriolus, Polyporus, Pleurotus, 
30 Phanerochaete, Schizophyllum or Trametes. 

Particularly suitable as selection marker gene for the 
expression system of the invention is the orotate 
phosphoribosyltransf erase gene (pyrF gene) from a 
35 filamentous fungus of the class Basidiomycetes Trametes 
versicolor. 



The expression vectors of the invention are 
particularly suitable for expressing the pyrF gene. 
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Expression of the pyrF gene from the basidiomycete 
Trametes versicolor is preferably regulated by the 
promoter and, . where appropriate, terminator for the 
pyrF gene from Trametes versicolor. 

The expression system of the invention is particularly 
suitable . for expressing a gene which codes for a 
hydrolytic enzyme, for example from the group of 
proteases, cellulases, hemicellulases and lipases or 
from the group of oxidoreductases such as, for exa mple, 
the lignin peroxidases, manganese peroxidases, 
laccases, cellobiose-quinone oxidoreductase or 
cellobiose oxidase , 

It is particularly suitable and preferred for 
expressing a gene for a laccase. 

Transformation of the host strain takes place by 
methods corresponding to the prior art. These methods 
include transformation of protoplasts by the CaCla/PEG 
method, transformation by electroporation or biolistic 
transformation by bombardment with DNA-containing 
microprojectiles . These methods are described in 
standard text books. 

For example, the gene to be transformed is cloned in a 
knowxL^anner into an expression vector of the invention 
and introduced by the methods mentioned into a 
filamentous fungus selected from the genera Trametes, 
Coriolus and Polyporus . 

The gene to be transformed may, however, also be cloned 
into an expression vector without a selection marker 
gene and be used together with the vector which 
complements the auxotrophic gene defect in the host 
strain for generating transformants (cotransformation) . 

The strain to be used for the transformation is a 
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uridine-auxotrophic filamentous fungus selected from 
the genera Trametes, Coriolus and Polyporus. The 
relevant strain from the class Basidiomycetes may be a 
monokaryotic or else a dikaryotic strain. In a 
5 preferred embodiment, it is a uridine-auxotrophic 
strain which has a defect in the pyrF gene. 

Particularly preferred for the transformation is a 
monokaryotic^ uridine-auxotrophic, pyrF-def icient 

10 strain from the species Trametes versicolor. 

The selection of positive transformants takes place, 
for example, by placing protoplasts, after trans- 
formation with vector DNA, on a. medium to which is 
15 added, for osmotic stabilization of the protoplasts, an 
addition such as, for example, sorbitol, mannitol or 
sucrose and which allows the selection of transformants 
with the complementing pyrF gene. 

20 In a preferred embodiment of the invention, the 
filamentous fungus Trametes versicolor is transformed 
in a homologous system with the gene of a laccase from 
Trametes versicolor. This achieves an increase in the 
expression rate for said laccase, which significantly 

25 improves the production rate in the fermentation of 
0.1 g of laccase/1 of culture medium which caS/achieved 
in the prior art. 



Preferably used for this purpose is the promoter which 
30 is intrinsic to the laccase gene or the promoter for a 
strongly expressed gene from Trametes versicolor. The 
promoters of the laccase genes I and III, whose 
isolation and use is described in DE-A-19814853, are 
preferably used. The promoter of another strongly 
35 expressed gene is represented by the GAPDH promoter for 
the glyceraldehyde-3-phosphate dehydrogenase from 
Trametes versicolor. 



Selection media preferably used are those on which only 
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Trametes versicolor transf ormants which have been 
transformed with a functionally expressed selection 
marker gene for the pyrF gene are able to grow. 
Preference is given to the minimal medium described in 
5 the 6th example in the absence of uridine, on which 
pyrF-auxotrophic strains of Trametes versicolor are no 
longer able to grow or are able to grow again only 
after addition of uridine. 

Successful use of an expression vector of the invention 
comprising the pyrF gene as selection system depends on 
efficient expression of the selection marker gene in 
Trametes transf ormants . Appropriate expression signals 
are necessary for efficient expression. 

Expression signals from Basidiomycetes bring about 
functional expression in Trametes versicolor with, 
surprisingly, considerably greater efficiency than the 
expression signals otherwise available from 
Ascomycetes. For this reason, the pyrF selection marker 
gene in the DNA vectors of the invention is preferably 
under the control of genetic regulatory elements from 
Basidiomycetes, particularly preferably from those 
selected from the genera Trametes, Coriolus and 
Polyporus. 

The pyrF gene is preferably under the control of the 
5' promoter region upstream of it, and the 
3' terminator region downstream of it. A DNA fragment 
30 in which the pyrF gene from Trametes versicolor is 
under the control of the expression signals of the pyrF 
gene from Trametes versicolor is described in 
SEQ ID NO: 1. 

35 The pyrF gene may also be under . the control of 
expression signals from Basidiomycetes which differ 
from those of the pyrF gene. Expression signals which 
comply with this function include GAPDH promoters of 
filamentous fungi from the class Basidiomycetes such 
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as, for example, Coriolus hirsutus/ Phanerochaete 
chrysosporium, Agaricus bisporus or Trametes 
versicolor, the OCT promoter from Coriolus hirsutus, 
the promoter of laccase I or of laccase III from 
5 Trametes versicolor and the terminator of the GAPDH 
gene from Agaricus bisporus or the terminators of the. 
laccase I or laccase III gene from Trametes versicolor. 

A particularly preferred vector is one in which the 
10 pyrF gene from Trametes versicolor is under the control 
of the expression signals of the <3APDH gene from 
Trametes versicolor. Such a vector is described in the 
4th example. 

15 A particularly preferred vector is one in which the 
pyrF gene from Trametes versicolor is under the control 
of the expression signals of the pyrF gene from 
Trametes versicolor. Such a vector is described in the 
3rd example. 

20 

The pyrF gene can be any gene which codes for a protein 
having the enzymatic activity of an orotate 
phosphoribosyltransf erase . 

25 The pyrF gene is preferably derived from a filamentous 
fungus from the class Basidiomycetes such as, for 
example, Agaricus bisporu?, Phanerochaete 

chrysosporium, Coriolus hirsutus, Polyporus pinsitus, . 
Schizophylliom commune or Trametes versicolor. 

30 

The pyrF gene from Trametes versicolor is particularly 
preferred. 

The invention also relates to a process for producing a 
35 protein which comprises employing the expression system 
of the invention comprising a gene encoding the protein 
in a manner known per se for protein production, or 
comprises cultivating in a manner known per se a fungal 
strain which comprises a gene encoding the protein and 
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which has been produced by the process of the 
invention. 

Such production processes are known in principle, for 
5 example from Eggert et al., Appl. Environ. Microbiol 
(1996) 62, 1151-1158, Martinez et al., Appl. Microbiol* 
Biotechnol. (1994) 41, 500-504, or WO 93/08272. 

The following examples serve to illustrate the 
10 invention further. The standard methods used in the 
examples for treating DNA or RNA, such as trea tment 
with restriction endonucleases, DNA polymerases, 
reverse transcriptase etc., and the standard methods 
such as transformation of bacteria. Southern and 
15 Northern analysis, DNA sequencing, radiolabeling, 
screening and PGR technology were, unless indicated 
otherwise, carried out as recommended by the 
manufacturer or, if no manufacturer's instructions were 
available, in accordance with the prior art known from 
20 standard textbooks. 

1st: example 

Isola'tlon of a pyrF~spec±£lc DNA probe 

A DNA probe for isolating a pyrF gene was generated by 
25 PGR amplification from T. versicolor genomic DNA with 
degenerate primers. The degenerate primers were 
constructed on the basis of a comparison with sequences 
of ~4aK>wn pyrF genes. Genes for orotate phospho- 
ribosyltransf erase (referred to as pyrF genes or, in 
30 another nomenclature, referred to as ura5 genes) were 
sought in the following gene databases: a) swissprot, 
b) sptrembl, c) pir, d) embl, e) genbank, f) em_tags, 
g) gb_tagsEMBL, Ura5, or pyrF, genes of the following 
organisms were selected for the sequence comparison: 
35 Yarrowia lipolytica, Saccharomyces cerevisiae, 
Escherichia coli, Rhizomucor circinelloides, 

Colletotrichum graminicola, Trichoderma reesei and 
Sordaria macrospora. The amino acid sequences of said 
pyrF genes were compared- It was possible by the 
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comparison of sequences to identify three peptides with 
a length of from 6 to 9 amino acids which were 
completely conserved in all pyrF proteins. Two of these 
peptides were back-translated into DNA, taking account 
of degenerate codons;. in order to produce degenerate 
primers. The primers had the following sequences (the 
abbreviation I refers to the base inosine) : 

Primer A: 5' -TTYGGICCIGCITAYAARGGIATHCC-3' SEQ ID NO: 4 
Primer B: 5' -TTICCICCYTCICCRTGRTCYTT-3' SEQ ID NO: 5 



PGR amplifications were carried out in accordance with 
the prior art as stated by the manufacturer (PGR kit 
from Qiagen, Hilden) : a 50 ul PGR reaction contained 
100 ng of chromosomal T. versicolor DNA (isolated as 
described in the 2nd example) , the buffer provided by 
the manufacturer and, in addition, 1.25 U of Taq 
polymerase, 1.25 mM MgCla^ 0.2 mM of each of the four 
dNTPs (dATP, dCTP, cGTP, dTTP) and in each case 
100 pmol of primers A and B. The other conditions for 
the specific amplification of the desired PGR product 
were: 4 min at 94 °G, followed by 10 cycles of 1 min at 
94^*0, 1 min at 45°G and 1 min at 65°G, and 30 cycles of 
1 min at 94^G, 1 min at SO^'C and 1 min at 72°C. A PGR 
product of about 140 bp was obtained. The PGR product 
was purified by agarose gel electrophoresis, cloned 
into the pGR-Script - vector (cloning kit from 
Stralragene, Heidelberg) and transformed into E. coli. 
The plasmid was isolated from cultivation of 
transformed E. coli. A DNA sequence analysis from the 
5' and 3' ends confirmed that the cloned DMA fragment 
was the fragment of a pyrF gene 

To prepare the DNA probe for screening pyrF genes, the 
pyrF-specif ic PGR fragment was cut out by treatment 
with Not I and Eco RI, isolated by agarose 
electrophoresis and labeled with the nonradioactive 
^^Gene Images" detection kit from Amersham, 
Braunschweig. 



2nd example 

Product:±on of a chromosomal gene library from Trametes 
versicolor 

The strain Trametes versicolor TV-1 (deposited at the 
DSMZ Deutsche Sammlung von Mikroorganismen und 
Zellkulturen GmbH, D-38124 Braunschweig under the 
number DSM 11523) was used. Mycelium from Trametes 
versicolor was firstly obtained by cultivation on malt- 
agar plates (3% malt extract, 0.3% peptone from soybean 
meal, 1.5% agar-agar, pH 5.0) at 28 °C for 7 days^. Three 
pieces were cut out of the malt-agar plates and used to 
inoculate 100 ml of sterile malt extract mediiam (3% 
malt extract, 0.3% peptone from soybean meal, pH 5.0) 
in 500 ml Erlenmeyer flasks. The culture was incubated 
at 28 °C with shaking at 100 rpm for 7 days. The 
mycelium suspension produced in this way was filtered 
with suction through a porcelain funnel and washed with 
0.9% saline. 1 g of mycelium from T. versicolor was 
ground to a fine powder with a mortar and pestle in the 
presence of liquid nitrogen. The powder was put into a 
sterile sample vessel and immediately mixed with 5 ml 
of extraction solution {O.IM Tris-HCl, pH 8.0, 0 . IM/ 
EDTA, 0.25M NaCl, 0.5 mg/ml proteinase K) and 0 . 5 ml of 
a 10% (w/v) sodium lauroylsarcosine solution. After 
incubation at SO^'C for at least 2 h, the mixture was 
mixed with 0.85 ml of 5M NaCl and 0.7 ml of a 10% (w/v) 
CTAB— Solution in 0 . 7M NaCl and incubated at 65 °C for • 
30 min. After addition of 7 ml of a chlorof orm/isoamyl 
alcohol mixture (24:1), the mixture was shaken, the two 
phases were separated by centrifugation, the aqueous 
phase was removed, and chromosomal DNA was precipitated 
by adding 0.6 parts by volume of isopropanol. Further 
purification of the precipitated DNA took place 
subsequently on a column (Qiagen Genomic Tip) . It was 
possible in this way to isolate 0 . 5 mg of chromosomal 
DNA from 16 g of mycelium. 



To produce the chromosomal gene library, 90 ]xg of 
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chromosomal DNA from Trametes versicolor TV-1 were cut 
with Sau 3A in a partial digestion and fractionated by 
agarose gel electrophoresis. The chromosomal DNA 
fragments were, isolated in the range of sizes of 
5-20 kb and greater than 20 kb and in each case cloned 
into lambda phages which had previously been cut with 
Bam HI (^^Lambda Zap® Express" cloning system from 
Stratagene) . 4 x 10^ phages/pg of vector DNA were 
obtained from the 5-20 kb DNA fraction^ and 
5 X 10^ phages/pg of vector DNA were obtained from the 
DNA fraction greater than 20 kb. The phages were 
amplified by infecting the E. coli strain XL-1 Blue 
MRF' . 

Sxd example 

Isolation of the pyrF gene 

The chromosomal gene library from Trametes versicolor 
TV-1 described in the 2nd example was used. Screening 
for the genomic pyrF gene was carried out in accordance 
with the prior art. In a first round of screening, 
cells of E. coli XL-1 Blue MRF' were initially 
cultivated on 10 Petri dishes and then infected with 
50 000 phages of the chromosomal gene library (5-20 kb 
fraction, see 2nd example) per Petri dish. After 
incubation at 37 °C, overnight, the newly formed phages 
were transferred to nylon filters (Stratagene). The 
filters were then hybridized in accordance with the 
mania#a<:turer' s recommendations with the nonradiolabeled 
pyrF-specific probe (see 1st example) . The hybridiza- 
tion temperature - was 60 °C. Positive clones were picked 
and purified by repeating the screening method. After 
three rounds of isolation, the strongly hybridizing 
phage clones were isolated in the screening and were 
recloned into the pBK CMV vector (Stratagene) by 
''in vivo excision" in accordance with the 
manufacturer's protocol (Stratagene). Analysis of the 
clones by digestion with restriction endonucleases and 
PGR showed that all the clones comprised pyrF genes. 
After analysis of the sequences of three clones, about 
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3.4 kb of sequence information was found from the 
longest of the pyrF clones. This pyrF clone was called 
pyrF61 (SEQ ID NO: 1) . The pyrF61 clone contained 
sequence information for the pyrF structural gene 
(coding region, SEQ ID NO: 1, bp 1133-1877). The coding 
sequence region additionally contained an intron 
(SEQ ID NO: 1, bp 12;?6-1286) which is not translated 
into amino acid sequence. The corresponding pyrF cDNA 
gene is indicated in SEQ ID NO: 2. The pyrF structural 
gene present in the pyrF61 clone, without the intron 
sequence, codes for a protein having the amino acid 
sequence indicated in SEQ ID NO: 3. 

In addition, the pyrF61 clone also contained sequence 
infoinnation in the region 5' upstream of the ATG start 
codon (promoter region, SEQ ID NO: 1, bp 1-1132) and 
sequence information in the region 3' downstream of the 
stop codon (terminator region, SEQ ID NO: 1, 
bp 1878-3448) . These are novel genetic regulatory 
elements for Trametes versicolor which can be used for 
producing expression vectors for gene expression in 
filamentous fungi from the class Basidiomycetes . 

4t:h example 

Functional linkage of the Trametes versicolor GAPDH 

promoter to the pyrF gene from Trametes versicolor 

A: Cloning of the pyrF gene into the pBluescript vector 

For -^further processing, the pyrF gene from pyrF61 was 
recloned into the pBluescript vector. For this purpose, 
the pyrF gene .was isolated as 1.6 kb Sac I-Spe I 
fragment from the pyrFSl clone obtained in the 
3rd example and was subcloned into the pBluescript 
vector which had previously been cut with Sac I and 
Spe !• The 4.6 kb plasmid resulting therefrom was 
called pPyrFl, 

B: Incorporation of a linker into pPyrFl for functional 
linkage of the ATG translation start codon of the pj^xF 
gene to the GAPDH promoter 



The pPyrFl vector was cut with Sac I, and the 
linearized vector 4.6 kb in size was isolated by 
agarose gel electrophoresis and dephosphorylated by 
treatment with alkaline phosphatase. The vector 
prepared in this way was ligated to the linker 
oligonucleotides PyF-1 (SEQ ID NO: 6) and PyF-2 (SEQ ID 
NO: 7) . PyF-1 and PyF-2 had the following sequence: 

Oligo PyF-1: ^ 

5' -CTAGACATGTCGCTCGAAAAATACCAGACAGAGCT-3' SEQ ID NO: 6 

Oligo PyF-2: 

5 ' -CTGTCTGGTATTTTTCGAGC GACATGT CTAGAGCT-3 ' SEQ ID NO: 7 

The cleavage site for the restriction endonuclease 
BspLUll I^ which can be used for functional linkage to 
the GAPDH promoter from T. versicolor, is underlined in 
PyF-1 and PyF-2. 

Ligation mixtures of Sac I-cut pPyrFl with the linker 
oligos PyF-1 and PyF-2 were transformed into E. coli 
Top lOF' cells. Positive clones contained a newly 
introduced BspLUll I cleavage site (in addition to two 
previously present in pPyrFl) . The correct orientation 
of the incorporated linker, with which a BspLUll I 
cleavage site had been introduced at the start ATG 
codon of the pyrF gene, was determined by DNA sequence 
analysis. The vector produced in this way (about 4.5 kb 
in si-ze) was called pPyrF2. 

C: Incorporation, of the T. versicolor GAPDH promoter 
into the pUC19 vector 

The DNA sequence of the promoter for the T. versicolor 
GAPDH gene is disclosed in DE-A-19814853, SEQ ID NO: 3, 
bp 1-1542. A promoter fragment about 1 kb in size of 
the GAPDH gene was isolated as Sph I fragment and 
cloned into a pUC19 vector. Analysis by double 
digestion with the restriction endonucleases Eco RI 
(present in the polylinker of pUC19) and BspLUll I 
(present in the GAPDH promoter fragment) was followed 



by selection of a clone in which the BspLUll I cleavage 
site was adjacent to the Eco RI cleavage site. The 
vector 3.7 kb in size produced in this way was called 
pTVgap (fig. 1) . 

A unique BspLUll I cleavage site^ which would have 
interfered with the subsequent vector construction, had 
previously been deleted from the pUC19 vector used to 
produce pTVgap. This took place by ■ cutting the pUC19 
vector with BspLUll I and treating the vector, which 
had been linearized in this way, with Klejiow DNA 
polymerase. The ends of the pUC19 vector, which were 
offset after the BspLUll I digestion, were filled in 
thereby. Subsequent ligation and transformation of 
E. coli Top lOF' afforded clones which contained a 
modified pUC19 vector without BspLUll I cleavage site. 

D: Functional linkage of the GAPDH promoter to the pyrF 
gene 

The vector pTVgap was cut with BspLUll I and Eco RI, 
and the vector fragment 3.7 kb in size resulting 
therefrom was isolated by agarose gel electrophoresis 
and dephosphorylated by treatment with alkaline 
phosphatase. 

The pyrF gene was isolated as BspLUll I-Eco RI fragment 
1.6 kb in size from the pPyrF2 vector. For this 
purpiD^, pPyrF2 was first partially cut with BspLUll I 
and the linearized vector fragment 4.6 kb in size was 
isolated by agarose gel electrophoresis. The isolated 
4.6 kb fragment was then cut with Eco RI, This resulted 
in the desired 1.6 kb pyrF gene fragment, which was 
isolated by agarose gel electrophoresis. 

The BspLUll I-Eco RI vector fragment 3.7 kb in size 
from pTVgap and the BspLUll I-Eco RI fragment 1.6 kb in 
size from pPyrF2 were ligated, and E. coli Top lOF' 
cells were transformed with the ligation mixture. 
Clones in which the pyrF gene had been functionally 
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linked via the BspLUll I cleavage site to the GAPDH 
promoter were identified by restriction analysis. 
Correct linkage of the GAPDH promoter to the start ATG 
codon of the pyrF gene was confirmed by DNA sequencing. 
The correct clone had a size of 5.3 kb and was called 
pPyrFgap (fig. 2). 

5th example 

Production of Trametes protoplasts and regeneration of 
fungal colonies 

The dikaryotic strains Trametes versicolox_. TV-1, 
Trametes versicolor 38070 (obtainable from the American 
Type Culture Collection, Rockville, MD 20852 USA) and 
the monokaryotic strain Trametes versicolor F2 100 
(deposited at the DSMZ Deutsche Sammlung von 
Mikroorganismen und Zellkulturen GmbH, D-38124 
Braunschweig under the number DSM 11972) were used to 
obtain protoplasts. Mycelium from Trametes versicolor 
was first obtained by cultivation on malt-agar plates 
(3% malt extract, 0.3% peptone from soybean meal, 1.5% 
agar-agar, pH 5.0) at 28 ^'C for 7 days. Three pieces 
were cut out of the malt-agar plates and used to 
inoculate 100 ml of sterile malt extract medium (3% 
malt extract, 0.3% peptone from soybean meal, pH 5.0) 
in 500 ml Erlenmeyer flasks, or 125 ml of the sterile 
medium in 162 cm^ cell culture vessels. The culture was 
incubated at 28 ''C without shaking for 7 days until a 
tigh^mat of mycelium had grown in the culture liquid. - 
The culture liquid was decanted off and fresh medium 
was added (30 ml- for the mycelium in a 100 ml culture) . 
The mycelium was homogenized with an Ultra Turrax 
(9 500 rpm, 4 min) and incubated at 28 °C while shaking 
at 100 rpm for a further 18 h. 

The mycelial suspension produced in this way was 
harvested by centrif ugation at 1 500 rpm (2 000 x g) 
for 5 min and the mycelium obtained in this way was 
washed three times by suspending in O.IM MgS04, 0.6M 
sucrose, O.IM phosphate, pH 5.8 (OMT medium) and 
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subsequently centrifuging. The isolated mycelium was 
weighed and stored at 4*'C until treated with lytic 
enzyme. 

Protoplasts were produced in the following way: 
mycelium from a flask was suspended in 15 ml of a 
freshly prepared and sterile-filtered solution of the 
lytic enzyme mixture Novozym 234 (3 mg/ml. Novo 
Nordisk, Bagsvaerd, Denmark) in OMT medium in a sterile 
Erlenmeyer flask. The mycelium resuspended in the 

enzyme solution was incubated at 30''C on a ahaking 

incubator (Infers) at a low speed {80 rpm) for 1 to 
3 h. During the incubation, the formation of the 
protoplasts was observed under the microscope. Freely 
moving protoplasts were normally to be seen after 1 h. 
The end point of the protoplasting was determined by 
visual inspection under the microscope, and the 
protoplasts were separated from the remaining mycelium 
by filtration through glass wool in a glass filter. The 
glass wool was carefully washed with ice-cold OMT 
medium. Protoplasts were isolated by centrifuging the 
suspension in a sterile sample vessel (2 000 rpm; 
2 500 X g, 4°C, 10 min) . Further processing of the 
cells took place at 4°C. The protoplast pellet was 
washed by suspension in OMT medium and was reisolated 
by centrif ugation . The washing step was repeated if 
required. The concentration of protoplasts was 
dete«nined in a counting chamber under the microscope. 
The protoplast suspension was adjusted to a 
concentration of- 1 x 10^ protoplasts/ml for experiments 
on protoplast regeneration or for transformations. 

For regeneration experiments, serial dilutions were 
prepared from the protoplast suspension and plated out 
on agar plates which contained 1.5% malt extract, 0.1% 
Trypticase peptone, 2% glucose, 1.5% agar and, for 
osmotic stabilization, 0.4M mannitol. The proportion of 
viable cells was determined, and the possibility of 
regenerating the resulting protoplasts to mycelial 
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growth was tested, in this way. In the same way, the 
proportion of osmotically stable cells (e.g. mycelium 
fragments) was determined on plates without osmotic 
stabilizer (without mannitol) . The colonies obtained 
after incubation at 28 ''C for 7 days were counted. The 
proportion of viable cells from a number of protoplast 
preparations was about 0.5%. These results show that 
viable and regenerable protoplasts can be produced from 
Trametes versicolor for transformation experiments. 

6th example 

Isolation of uridine-auxotrophic mutants of Trametes 
versicolor 

Uridine-auxotrophic mutants of Trametes versicolor with 
a gene defect in pyrimidine metabolism (pyr mutants) 
were isolated by a method based on that described by 
Boeke et al.. Methods Enzymol. (1987) 154, 164-175. The 
selective agent used was the genotoxic substance 
5-f luoroorotic acid (FOA) . Mutagenesis of Trametes 
versicolor protoplasts took place by OV treatment. 

A: UV mutagenesis: 

The monokaryctic strain Trametes versicolor F2 100 
described in the 5th example was used for the 
mutagenesis. Protoplasts of this strain were produced 
as described in the 5th example. 

The — ev light source used for the mutagenesis was a ■ 
BioRad UV linker {BioRad, Munich, power 5.8 Vl/ojx?, 
distance from the UV source 16 cm) . The number of 
protoplasts used for the mutagenesis was 8 x 10^. 
Protoplasts of Trametes versicolor were placed in a 
Petri dish and irradiated with UV light for various 
lengths of time. It emerged from this that, under the 
described conditions, irradiation . for 60 sec was 
optimal for the subsequent selection of auxotrophic 
mutants . 

B: Selection of uridine-auxotrophic mutants: 
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The following minimal medium (MM) was used for the 
selection of uridine-auxotrophic mutants: 



Glucose 


20 


g/1 


Agar 


15 


g/i 


Potassium dihydrogen phosphate 


1 


g/i 


Magnesium sulfate 


0.5 


g/i 


Disodium hydrogen phosphate 


0.1 


g/i 


Adenine 


27.5 


mg/l 


DL-Phenylalanine 


0.15 


g/1 


L-Asparagine 


2.5 


g/1 


Thiamine 


0.48 


mg/l 


Calcium chloride 


10 


mg/l 


Iron sulfate 


10 


mg/l 


Copper sulfate 


2 


mg/l 


Zinc sulfate 


1 


mg/l 


Manganese sulfate 


1 


mg/l 


pH 5,0, adjusted with sulfuric 


acid. 





The MM was supplemented with 0 . 6M sucrose (MMS) for the 
osmotic stabilization of protoplasts. For liquid 
cultures, the MM was prepared without agar. 

Initially, the MMS was supplemented with various 
concentrations of FOA and 10 mM uridine in order to 
characterize the host properties on selective medium 
for various Trametes strains. .It emerged that MMS with 
1 . 5 mg/ml FOA and 10 mM uridine (selective MMS) 
completely suppressed growth of the Trametes strains 
investigated. 

Plates with selective MMS were inoculated with UV- 
mutagenized protoplasts (described in section A) and 
incubated at 2 8 °C for 21 days. In contrast to 
unmutagenized protoplasts, growth of 35 colonies was 
observed. These potential pyr-def icient mutants were, 
in order to characterize the uridine-auxotrophic 
phenotype in detail, placed on MM plates, MM plates 
with 10 mM uridine and selective MM plates, and the 



growth was compared with the F2 100 initial strain. In 
this, 13 of the 35 picked colonies of Trametes mutants 
unambiguously showed a pyr-def icient phenotype. This is 
depicted by way of example in table 1 for the wild-type 
strain and three mutants. 

Table 1 

Growth of Trametes versicolor mutants on various 
minimal media 

MM + 10 mMjLiridine 
+1.5 mg/ml FOA 

+ 
+ 

C: Identif icatxon of pyxF mutant:s 

Mutagenesis with FOA may lead either to mutants in the 
desired pyrF gene (orotate phosphoribosyltransf erase) 
or in the py^G gene (orotidine-5' -phosphate 
decarboxylase) . Differentiation of pyrG mutants and 
pyrF mutants took place by transformation with the pyrF 
gene from Trametes versicolor, isolation of which was 
described in the 3rd example (plasmid pyrF61) . In 
parallel with this, uridine-auxotrophic T. versicolor 
strains were also transformed with the plasmid pPyrFgap 
(see — ^4th example for preparation) . Transformation of 
Trametes versicolor is described in the 7th example. 

With 6 of the 13 isolated pyr-def icient mutants it was 
possible to observe colonies on MM after transformation 
with the plasmids pyrF61 and pPyrFgap. This indicates 
that these six mutants were deficient in the pyrF gene. 
The three strains F2 100C2-1, . F2 100C2-8 and 
F2 100C4-13 could be transformed repeatedly with the 
highest frequency and were used for the subsequent 
investigations- Comparison of the plasmids pyrF61 and 
pPyrFgap in relation to transformation frequency showed 



Strain 



MM MM + 10 mM 

uridine 
F2 100 + + 

F2 100C2-1 - + 

F2 100C2-8 - + 

F2 100C4-13 - + 
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no significant differences, so that the pyrF promoter 
was sufficient for isolating transformants . 



.St- 



The pyrF gene described in the 2nd example is a novel 
5 selection marker gene for the transformation of 
Trametes versicolor. The strains Trametes versicolor 
F2 100C2-1, F2 100C2-8 and F2 100C4-13 are the first 
pyrF-def icient strains of Trametes versicolor to be 
described to date. These pyrF-def icient strains can be 
10 used as host organisms for the transformation of 
Trametes versicolor and are thus novel and _:zaluable 
host organisms for protein expression and protein 
excretion in filamentous fungi from the class 



Basidiomycetes. The use of the strain F2 100C2-1 for 
15 this purpose is described in the following examples. 

7t:h exazztple 

Transformation of pyrF-def icient Trametes versicolor 
strains with the pyrF gene from Trametes versicolor 

20 

A: Isolation of transformants 

Protoplasts of T. versicolor F2 100C2-1 were produced 
by the method described in the 5th example. In this 
case, the culture medium for the auxotrophic strain was 
25 supplemented with 10 mM uridine. Transformation was 
carried out with the vector pyrF61 (described in the 
3rd example) or pPyrFgap (described in the 
4th -example) • 

30 Protoplasts were produced from Trametes versicolor 
F2 100C2-1 as described in the 5th example and were 
suspended in a final concentration of 10®/ml. 0.1 ml 
aliquots of the protoplasts were mixed in each case 
with 10 lag of DNA of the relevant plasmid in incubation 
35 vessels with a volume of 12 ml and incubated on ice for 
30 min. After this, 1.25 ml of a PEG4000 solution was 
added slowly and with repeated mixing to the 
transformation mixture. After incubation at room 
temperature for a further 20 min, the reaction vessels 



were filled with the OMT medium described in the 
5th example, mixed and centrifuged at 2 000 x g and 4°C 
for 10 min. The pellets were resuspended and plated out 
on osmotically stabilized MMS plates without uridine 
(described in the 6th example) . The plates were 
incubated at 28 ^'C for 14 days and checked for growth of 
colonies. Transformation rates of 0.5-3 trans- 
formants/pg of plasmid DNA were achieved in various 
experiments • 

B: Purxfxca'bxon of tlxe t:3ransf orzaant:s 

Mycelium of the resulting transf onnants was picked and 
purified by plating out on fresh MM plates. The 
inoculum was applied as a spot in the. middle of the 
plate in this case. After incubation at 28 *C for about 
7 days, radial mycelial growth was observable. This 
purification process was repeated, taking the mycelium 
for the inoculum from the edge of the first 
purification plate. MM plates were then reinoculated 
with inoculum from the second purification plate and 
incubated at 28 ""C until the plates were completely 
covered with mycelial growth. 

C: Analysis of the "bransf orman-bs 

Transf ormants of Trametes versicolor were investigated 
by Southern blot analysis for integration of the 
plasmid pyrF61. This was done by producing mycelium of 
various transf ormants and, as a control, the pyrF- 
deficient strain F2 100C2-1 in liquid culture (see 
2nd example, malt extract medium, with addition of 
10 mM uridine for F2 100C2-1) . Chromosomal DNA was 
isolated from the isolated myceliiam as described in the 
2nd example. 

3 pg of chromosomal DNA from each of the investigated 
transf ormants and the untransf ormed, uridine- 
auxotrophic F2 100C2-1 initial strain, and 100 ng of 
the plasmid pyrF61 were cut with Nco I and then 
separated by agarose gel electrophoresis and blotted 



onto nylon- filters (Qiagen) • The DNA probe used was 
Nco I-cut plasmid pyrF61, nonradiolabeled as described 
in the 1st example. It was possible to detect with this 
DNA probe both the pyrF gene and the vector portions 
from the respective plasmid. 

The temperature for the hybridization of the DNA 
blotted onto nylon filters with the unradiolabeled DNA 
probe was 60**C. Otherwise, the conditions described in 
the specialist literature for Southern blots were 
complied with. Southern blots were analyzed by 
autoradiography. Besides other fragments, it was 
possible to detect two Nco I fragments which were 
derived from the pBK CMV vector portion of pyrF61 and 
had a length of 0.7 k±) arid 1.9 kb respectively. These 
two fragments were detectable only in the transf ormants 
but not' in the uridine-auxotrophic strain F2 100C2-1. 
This result confirms that on transformation of the 
uridine-auxotrophic Trametes versicolor strain 
F2 100C2-1 the plasmid pyrF61 had been integrated into 
the genome and led to productive expression of the 
selection marker gene pyrF, whereby the uridine 
auxotrophy of this strain was complemented. 

S-th example 

Use of the pyrP gene for producing laccase- 
overproducing Trame'bes versicolor s'bra.ins 
A. Transf onoa-fcion of T. versicolor 

Protoplasts of T. versicolor were produced by the 
process described in the 5th example. The vector pyrFSl 
described in the 3rd example, and the laccase expres- 
sion vector pLac3gap were used for the transformation. 
The two vectors were used in cotransf ormation 
experiments where the selection marker gene and the 
gene to be expressed were present on separate plasmids. 
The production of pLacBgap was disclosed in 
DE-A~19814853, 6th example. In pLac3gap, the gene for 
laccase III from T. versicolor is functionally linked 
to the GAPDH promoter from T. versicolor. 
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Protoplasts of the pyrF-def icient strain Trametes 
versicolor F2 100C2-1 were produced as described in the 
7th example and were suspended in a final concentration 
of 10^/ml. 0.1 ml aliquots of the protoplasts were 
mixed with 10 ]ig of DNA of each of the plasmids 
pLac3gap and pyrF61 in incubation vessels with a volume 
of 12 ml and incubated on ice for 30 min. After this, 
1.25 ml of a PEG4000 solution was added slowly and with 
repeated mixing to the transformation mixture. After 
incubation at room temperature for a further 20 min, 
the reaction vessels were filled with the OMT medium 
described in the 5th example, mixed and centrifuged at 
2 000 X g and 4°C for 10 min. The pellets were 
resuspended and plated out on osmotically stabilized MM 
without uridine {described' in the 6th example). The 
plates were incubated at 28°C for 14 days and examined 
for growth of colonies. Transformation rates of 
0.5-3 transf ormants/pg of DNA of the selection marker 
plasmid pyrF61 were achieved in various experiments. 

The resulting transf ormants were picked and purified 
twice as described in the 7th example by plating out on 
fresh plates with MM selection medium without uridine. 
Selective plates were then inoculated anew with 
inoculum from the second purification plate and, after 
the plates were completely covered with mycelial 
growliil, the laccase production was checked in shaken 
flask cultures. 

B: Cul during In a shaken flask 

For culturing in a shaken flask, 2 cm^ of mycelium were 
punched out of a plate showing full growth and were 
crushed under sterile conditions and used to inoculate 
a preculture of 50 ml (in a 250 ml Erlenmeyer flask) of 
malt extract medium {see 1st example) . The preculture 
was incubated at 28 °C while shaking at 120 rpm for 
6 days. On the sixth day, the preculture was 
homogenized with an Ultra Turrax at 9 500 rpm for 



riipn ri 



30 sec and used to inoculate 250 ml of main culture 
medium (for composition, see MM in the 6th example) in 
a 11 Erlenmeyer flask. The main culture was then again 
incubated at 28*^C while shaking at 120 rpm. Laccase 
production was measured each day starting on the second 
day of culturing. Laccase activity was measured by 
photometry using the substrate ABTS 

(2, 2' -azinobis (3~ethylbenzothiazoline-6-sulfonic acid) ) 
at 420 nm. (Extinction coefficient of ABTS at 420 nm 
S420- 3 ,6 X 10^[1 X mol"^ x cm*^] . In this, lU of laccase 
activity corresponded to the conversion of lj[amol of 
ABTS/min at 37 '^C and a pH of 4.5. The maximum laccase 
production in shaken flask cultures was reached 10- 
14 days after starting the main culture . Table 2 shows 
a comparison of various transf ormants with the 
untransformed starting strain Trametes versicolor 
F2 100. For the untransformed strain F2 100, laccase 
production was additionally determined after induction 
with .the inducer 2,5-xylidine described in the 
literature (Yaver et al.. Applied and Environmental 
Microbiology (1996) 62, 834-841) . As is evident from 
table 2, laccase production in a shaken flask was 
increased with the best transf ormants of the strain 
F2 100 by a factor of 14 (without induction) and by a 
factor of 6 (with induction) compared with the 
untransformed starting strain. 



Trametes versicolor strain Maximum laccase production 

(U/ml) 



Table-J2 



F2 100 



4.60 



F2 100/xylidine* 
TV L3F-4 



11.20 



15.20 



TV L3F-7 



42.50 



TV L3F-9 



17.60 



TV L3F-14 



51.50 



TV L3F-21 



33.90 



- 32 - 

TV L3F-29 64.80 
TV L3F-35 35.10 
TV L3F-35 13.80 
TV L3F-51 56.70 



* Induction took place three days after starting the 
main culture by adding 2,5-xylidine (final concentra- 
tion 1.5 mM) . 
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A DNA sequence which codes for a protein having 
the enzymatic activity of orotate phosphoiribosyl- 
transf erase (pyrF activity) , which comprises the 
DNA sequence SEQ ID NO: 1 from position 1133 up to 
and including position 1877, or comprises the DNA 
sequence SEQ ID NO: 2 from position 1 up to and 
including position 684, or comprises a DNA 
sequence having a sequence homology of more than 
60% with the said regions of the . DNA sequence SEQ 
ID NO: 1 or SEQ ID NO: 2. 



15 



A protein having pyrF activity, which comprises 
the amino acid sequence SEQ ID NO: 3 or an amino 
acid sequence having a sequence homology of more 
than 60% with the amino acid sequence 
SEQ ID NO: 3- 



20 



An expression vector which comprises 
sequence as claimed in claim 1, 



DNA 



25 



30 



35 



A microorganism which comprises an expression 
vector as claimed in claim 3. 

A process for producing fungal strains which are 
capable of efficient expression and secretion of 
proteins, in which a fungal strain with an 
auxotrophic gene defect is transformed as host 
strain in a transformation mixture, process steps 
known per se using with an expression vector which 
has a gene for complementation of the auxotrophic 
gene defect in the host strain, and clones 
transformed with the expression vector are 
selected from the transformation mixture by 
selection for complementation of the auxot;^rophic 
gene defect, where expression of the gene for 
complementation of the auxotrophic gene defect in 



the host strain is controlled by a genetic 
regulatory element which is active in the host 
strain, which comprises employing as host strain a 
uridine-auxotrophic fungus selected from the 
genera Trametes, Coriolus and Polyporus with a 
gene defect in the pyrF gene. 

An expression system comprising a host strain 
selected from the genera Trametes, Coriolus and 
Polyporus having a genetic defect in metabolism, 
on the basis of which the metabolite uridine which 
is essential for growth is no longer synthesized, 
and the host strain is no longer able to grow on 
minimal media without addition of this metabolite, 
and an expression vector comprising a selection 
marker gene which complements the auxotrophic gene 
defect of the host strain, wherein the host strain 
has as genetic defect in metabolism a defect in 
the pyrF gene, and the selection marker gene is 
the pyrF gene from a fungus of the class 
Basidiomycetes . 

A process for producing a protein, which comprises 
employing an expression system as claimed in 
claim 6 comprising a gene encoding the protein in 
a manner known per se for protein production, or 
comprises cultivating a microorganism as claimed 
_in claim 4 comprising a gene encoding the protein . 
or a fungal strain produced by a process as 
claimed in claim 5 comprising a gene encoding the 
protein in a manner known per se, and obtaining 
the protein from the culture. 
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SEQUENCE LISTING 



01 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



<110> ConsorriiCT fCr eXektrochemasche Industrie GmbH 

<120> pyrF gene and its use 

<130> Co9904 

<140> 
<141> 

<160> 7 

<17a> Patentin Vers. 2.C 

<2ao> 1 

<211> 3448 

<212> Dann 

<213> Trametes versicclor 
<22C> 

<221> gene 

<222> (1133) (1877) 
<220> 

<22i> promoter 
<222> {1)..(1132) 

<220> 

<22i> 3'UTR 

<222> (1878) . . <3448) 

<220> 

<221> intron 

<222> (1226; (1285) 

<400> 1 

gatctcgagt aggatggaca acggtataac gatgccagac atgataggtg wccagcggza 60 
gttgggaacg aggctgtcta ggtcggcgrt ctcgtcgtcg ctcgcccaga ggtacgatt- 120 
gaggcgagag ta^agagara tccctaggag tctgacgtca tcggaccagt taccctccgc ISO 
ggtstgttgt gtactgrcca ccttciccgg gtcagacccc tctgstgrac tgcgtccggg 240 
ttggaqcgtc aggaaaagcg csgacaggct gaacagzccc atT:ccgccgc agaaggtgcg 300 



ccagggggaa agtgccagtg tagcagtgag gcctgccrac caiatgagac ggacatgg-c 36C 

agtarctatg cccggtcaag ctccccgcac agacctcact craacctcat ggcaatg^ccc 420 

cggaxgcaca aagcagg-tag agatctrcaa acggggcacg gagcgggrcc tcccgagcgc 4 80 

tctccctcgg ctctttgcaa ggcagctggc ggatgtttcc tcagttgagg tactgcatcc 54 0 

cttgcaatag cgaaaacagc rcaccacacc tgsctatatc ctgtatacgg gagaagaaac 600 

cggaacaccg tgagtggaeg aga-caag-ig gttatgaata ca-cccggtc caggttgact 660 

ctaacagcgt cggarctcgc cccc^tccgg agcagacccc cgctacgagc gccggtgtct 720 

1 



i n 



gctcgtgttc cggcacgccg targctcgta 
agaagatAcg aaacgtcagt crgcacct&z 
gttcacgcra taaaaaagaa aaggacaaaa 
cczgzzcczz accttccaac gtccazcacc 
gccaggcgcc cgtcagasac gaaactaci:a 
attccgtccg ggccgcgccg cccacaagct 
atctcg&zzc tcgaccccca zcgccgcgac 
cgaaaeatac cagacagagc tcarcgagca 
gaccttcacc ctcaaatcag gccggrccgt 
gtgaacccTC cctcaccccg cgcaggacct 
cgtccgggcc cctgcccgac acgctctcct 
tcaaggcctc gcccgcgctg cccgcgrtcg 
tcccgttcgc ggcggggacc gcgcrgccgc 
tcgcgxacga ccgcaaggac gcgaaggatc 
cggrgagggg caagcgcgtg ctggtgctcg 
cccaggcgat tgagactgtg acgaaogagc 
tcgatcggca gcaggtagcc aaggagggga 
tgggcgggaa ggcacotgtg ccgaccaccc 
aggagcacgg cccgacggag gaccttccgs 
cgaaggaaag cgaarcacaa cacacgaagc 
tacatcgstc catccactaa acccatgcac 
crgzcacgt* csacgcaaag agccgaagaz, 
tatagcacaa caacarguac caauagaacc 
tccargogca ctgagczatg atgasctaac 
cccaaccgac gacccgaacc ccagttaraz 
gcagccrgcz ccctgaccci ccgzgQcggc 
acgcccccga ccccacccc^ cgcgccccca 
cacgccgccg ccg~acc";cc agccccgagc 
ac9^cgccga cgacagcccc agagavcctc 
acgtccacgc cgacgagcai ctacggaacg 



aatcasccti agaaaacttg aataagtgag 780 
ggsgatargz asasatcgca aaaacazagc 840 
rgaccaccgc acegg^cgaa cctgcaatct 900 

rcaattccta g-^cagacgcc atcccattcc 960 
cctttaaacc cggctacaac acagccragf 1020 
tgztttcgtg aaccgxcitc cccctccrgc 1080 
gscccctccc tccccacrca ccatgtcgct 1140 
cggcargacc gccggrgcgc ccaacttcgg I20G 
cccc-ccc*a geczgcgcgc cgctctcccc 1260 
cgccctacwr cttcaacgcc ggcctgctcg 132 C 
ccgcgzacgc cccgacgacc gcgcgcgcgc 1380 
acgzcczzXz cgcccccgcg tacaagggc*-i440 
tgcaccgcga ccacggcatc accgtcgggt 1500 
atiggggaggg cgggatacc^ grgggcgcgc 1560 
acgacgtcgc gacggcgggc acggcga'^cc 1620 
cgggcgaggr cgttggcgec gtgtrgatgc 1680 
agagcacgct tgcggagg-cg gaggcgctgc 1740 
tgaggaigaa gcaccxcarg aag^ggrrgc 1600 
acacgcaaga Cuactgggag cagtacggcg 1860 
cagtrgtcra c-agg^gagt aacaccacgc 1520 
arcaagaccc ac^gtacaat trcwcggrac ISSG 
gtgagagcac ac&zgcc&ZZ carcccgaza 204 C 
tgcacaaaca caaagca::ga ccagcaacac 210C 
cgc-caccacc aaaaacaccc crcrtarxcg 2160 
cctcccacac cgcrcgcagc agcagcagca 2220 
acaacatcca cgcccccacc gacatccgca 2280 
czagcacacz ccccgascca cccgcgcacc 234 C 
gagccggtgr caaagacagr ccaccaccag 2400 
acgccacccc cgcccgggcc gcccatgagg 246C 
wagatgacgg ggaaggtgat gagcccgaag 2S20 



Hi 



25 



aaggacgrcr sQgacccagg cggggcgagc ccggaggaga cgtaggtgag cgcgaggagg 25 8 C 
agcscgcggc cgtgcacasa ggt:gcccagc ggaacsctga ggccctggcg tgagocgggr 264 C- 

3 

tagcgcaaag gtcagacgcg ggetgatact attggacgta cgaggatagc aagtcctccg 270C 
agcaagagcc gccarocgta gtictgaacac ccgcggggga agtgcctczc ttctagctca 2760 
10 c-Lggaa-ciiuc gacractr-c aagtctacgc tcctcagtaz catcargtaz rgcaacagtg 2820 
tcazacgcac tagagcsucg caacgzcgaa gatgaagrtg atccccgagc c^ataaagac 2S8C 
aaggicagco ccgaca'ggc acgracrcag acaagattga gracgcact* cccaagaaga 2S4Q 
agcrcgraa& cactctccac atczacacra agacg-cgagt atcgcatacc rtctcag-cgc 300C 
ctgactratc ttccatccaa cxacagagac agaaacccac ctcaaactcc cgcgraacga 306C 
20 acicctrcae aaaeaceacc izgrazactc gcaagactrg caggagcact ggcaaggcga 3120 
cggcgagaca ggaggcgcat acaaarcgag tgacrggacc gaz*ttgcga a'uct.carcca 3IS0 
"cgaaagaca- cttgaggaga ctgaacctga gtacagcgat agaagtacag caggcagagc 3 ^ , 4C 
agagacgacc gcagaatgtg gggaageaca agcsggagga ggagtagag^ gatrtxigaag 3300 
taatgaaaag tggcgcaacc taatgcaaac tgta^caggg acatccgtgg acataaagra 3360 
30 ttccgcaccw cgggcaagac atucaatctc agtaazgcac ttcactctcc gagi:tcaact 34 20 
tcaaactcga czttgaaact tgagarcc '3448 

35 <21C> 2 

<211> 684 
<212> Dann 

<2i3> Trametes versicolor 

40 <220> 

<221> CDS 

<222> {X)..(684) 

<400> 2 

45 atg teg czc gaa aaa z&c cag aca gag czz ate gag cac ggc atg acc 4S 

Met Ser Leu Giu Lys Tvr Gin Thr GIu Leu lie Glu His Giv Met Thr 

1 5 ' 10 15 

gcc ggz gcg etc aag ttc ggg acc ttc acc etc aaa tee ggc egg acc 5c 
50 Ala Gly Ala Leu Lys Phe Giy Thr Fhe Thr Leu Lys Ser Gly Arg Thr 



y 20 2& 30 

tec ccc tac ttc ttc aec gcc gcc czc etc gcg tec ggg ccc gtg etc 144 

Ser Pro Tyr ?he Phe Asn Ala Giy Leu Leu Ala Ser Gly Pro Val Leu 

55 35 40 45 

gae aeg ctg tgc tec gcg tac gcc gcg acc ate gcg cgc gcg etc aag 1S2 

Asp Thr Leu Cys Ser Ale Tyr Ala Ala Thr lie Ala Arg Ala Leu Lys 

50 5t €G 



gcc teg ccc ggg czq ccc gcg ztc gac gtg czc ttc cgc ccc gcg tac 240 
Ala Ser Pre Gly Leu Pro Ais Phs Asp Vci Leu Phe Giy Pro Als Tyr 
65 ' 70 "5 80 

5 aag cgc ate ccg ttc gcc ccg gcg acz gcg ctg ctg ctg c=c cgc gac 289 
Lvs Gly lie Pro Phe Ala Ala vSIv Thr Ala Leu Leu Leu His Arc Aso . 

■ 85 ' 9C 95 ' 

Cac ggc ate acc etc ggg etc ccg tac gac cgc aag gac gcc aag gat 336 
10 His Gly lie Thr Vai Gly Phe Ala Tyr As= Axg Lys Glu Ala Lys Asd 
100 ICS ' lie 

cat ggg gag ggc ggc ata ctt gtg gcc ccg ccg gtg agg gcc aag cgc 384 
His Gly Glu Giy Gly lie Leu Val Giy Ala Pro Vai Arc Giy Lys Arg 
15 lis 12C 125 

gtg ctg gtg ctg gac gac gtc ccg acg gcg cgc acg gcg ate cgc cag 432 

Val Leu Val Leu Asp Asp Val Ala Thr Ala Gly Thr Ala lie Arg Glr. 

130 ' * 135 140 

20 



40 



45 



gcc att gag act ctg acg sag gag gcg ggc gag gtc gtt ggc gcg ctg 480 
Ala lie Glu Thr Vai Thr Lvs C-iu Giv Giy Glu Val Val Giy Ala Val 
145 150 * 155 160 

25 ttg atg etc gat egg cac gac gtg ggc aag cac ggc aag age acg ctt 528 
Leu Met Leu Aso Arg Gin Giu Vai Giy Lys Glu Giy Lys Ser Thr Leu 
165 17C 175 

gcg gag ctg gag gcg ctg ttg ggc ccc aag gga cgn gtg ccg acg ate 57 6 
30 Ala Giu Val Glu Ala Leu Leu Gly Gly Lys Giy- A.rg Val Pro Thr lie 
180 185 ' ISO 

ctg agg atg aag gac ere atg aag tgg ttg cac gag cac ggc egg acg 624 
Leu Arc Met Lys Aso Lec Met Lvs Trc Leu Gin Giu His Gly Arc Thr 
35 * 195 * 200 ' 205 

gac gag ctt gcg aag atg caa gag tac tgg gag cag t»c ggc gcg aag 672 
Glu Giu Leu Ala Lys Met Glr, Glu Tyr Trp Glu Gin Tyr Giy Ala Lys 
210 21f 220 



gaa age gaa tga 684 

Glu Ser Giu 

225 



50 



<210> 3 
<211> 227 
<212> PRT 

<213> Traaetes versicolor 
<4Q Q> 3 

Met Ser Leu Glu Lys Tyr Gin Thr Glu Leu lie Glu His Giv Met Thr 
i 5 IQ ' 15 

55 Ala Gly Ala Leu Lys Phe Gly Thr Phe Thr Leu Lys Ser Giy Arg Thr 
20 * 25 30 

Ser Pre Tyr Phe Phe Asr. Ale Gly Leu Leu Ala Ser Gly Pro Val Leu 
35 40 45 

60 



i 



Asp Thr Leu Cvs Ser Ala Tyr Ala Ala Thr He Ala Arc Ala Leu Lys 
50 60 

Ala Ser Pro Gly Leu ?rc Ala Fhe Asp Vei Leu Phe Gly Pro Ala Tyr 
5 65 " 70 '5 80 

Lys Gly He Pre Phe Ala Ala Glv Thr Al« Leu Leu Leu Sis Arg As? 

83 50 55 ■ 

10 His Gly He Thr Val Gly Phe Ala Tyr Asp Arg Lys Glu Ala Lys Asp 
100 105 lie 

His Gly Glu Gly iSlv He Leu Val Gly Ala Pre Val Arg Gly Lys Arc 
115 ' 120 123 

15 

Val Leu Val Lea Asp Aso Val Ala Thr Ala Gly Thr Ala Ij.e Arg Gin 
130 - * 135 140 

Ala He Glu Thr Val Thr Lys Glu Gly Gly Glu Val Val Gly Ala Val 
20 145 150 155 1^0 

Leu ftet Leu Asc Arg Gin Glu Val Gly Lys Glu Gly Lys Ser Thr Leu 
165 :7C 175 

25 Ala Glu Val Glu Ala Leu Leu Gly Gly Lys Gly Arg Val Pre Thr He 
130 1H5 ISO 

Leu Arg Met Lys Asp Leu Met Lys Trp Leu Gin Glu His Gly Arg Thr 
195 20c 205 

30 

Glu Glu Leu Ala Lys Met Gin Glu Tyr Trp Glu Gin Tyr Gly Ala Lys 
210 215 220 

Glu Ser Glu 
35 225 



<21C> 4 
<2il> 26 
40 <212> Dann 

<213> Artificial Sequence 

<220> 

<223> Description of the artrfidal sequence: Primer A 

45 

<220> 

<221> priiner,_bind 
<222> (1) . . (26) 

50 <220> 

<221> primer_binc 

<222> (2} , . (26) 

<225> n - i 

55 <4C0> A 

ttyggnccng cntayaargc nathcc 2o 

<210> 5 
60 <211> 23 



<212> DaPM 

<213> Artificial Sequence 
<220> 

<223> Oescription cf the artifidai sequence: Primer B 
<220> 

<221> primer^bind 

<222> Coxpiement {{I) - - {23;' ) 

<220> 

<221> pri»er_bind 

<222> Complement { fl) . . J23J J 

<223> n • i 

<4Q0> 5 

trnccnccy^ cnccrrgrtc yzz 



<21C> 6 
<2I1> 35 
<212> Dann 

<213> Artificial Sequence 
<220> 

<223> Description of the a i U fiu al sequence: PyF-1 
<220> 

<221> Biisc_f eature 
<222> (1),.(35; 

<400> 6 

ctagacatgt ccctcgaaaa azaccacaca gacct 



<21Q> 7 
<211> 35 
<2I2> Dann 

<213> Artificial Sequence 
<22G> 

<223> Description of the artifidai sequence: PyF-2 

<22Q> 

<221> iriisc_ieacure 

<222> CompXemenz {(!;.. (35; ) 

<400> 1 

ctccctggta tttttcgagc gacatgtcta gacct 



gcccfftgttc cggcacgccg targcicgta aatcaccttt aosasscttg aataagtgag 780 
agaacatacg aaacgtcagt ctgcacctat cgoaatatc": scaaatccca aaaaca^acc 840 
gttgacgctc tacaaaagaa aaccacasaa tgsccaccgc acgggtcgaa cctgcaatct 900 
cctcaiccct agctrtcaac gtccatcacc •caattcgta gtcagacgcc atgccatttc ?60 
10 gccaggcggc cgttagaaac gssactacua cgtttaaacc cggctatcac acagccxagt 1020 
attccgtccg ggccgcgccc ccgstaagct tgztttcgtg aactctcttc cczctcctgc 1080 
atctcgatic icgacctcca iccccgcgac catccctccc ttcccac":ca ccanatccct 11^0 

15 

cgaasaatac cagacagagc tcatcgagca cggcacgacc gccggcgcgc tcaacttcgg 1200 
gaccttcacc ctcaeatcag gccggtccgt ccccxccc^a gcctgcgcgc cgctctcccc 1260 
20 gtgaacgctc cctcaccccg cgcaggscc" cgccctactz cttcaacgcc ggcctgctcgJLl^C 
cgtccgggcc cgtgctcgsc acgctctcct ccgcgtacgc cccgacgatc gcgcgcccgc 13SG 
tcaaggcgtc gccccggctg cccgccttcg acgtgctct^ cgcgcccgcg tacaagggca 14 4C 

25 

tcccgctcgc ggcggggacc gcgctgctgc igcaccgcga ccscggca tc accgtcgggt 1500 
tcgcgtacga ccgcaaggag gcgaaggatc a-ggggaggg cscgatactt gtggccgcgc 1560 
30 cggtgagggg caagcgcgtg ctggtgctgg acgacgtcgc gacggcgggc acggcgatcc 1620 
cccaggcgat tgagactgtg acgaaggagc ggggcgaggt cgtcggcgcg gtgttgatgc 1680 
tcgatcgcca gcaggtagcc aaogagggga agaccacgci tccagaggcc aaggcgctgi 1740 

35 

cgggcgggaa gggacgtgtg ccgacgarcc tgaggacgaa gcacctcatc aagtggttgc 180C 

aggagcacgg ccggacggac gaccttgcga agaT:gcaaga giactgggag cagtacggcg 1360 

40 cgaaggaaag cgaaicacaa gacacgaacg cagctgtgra ccaggcgagt aacaccacgc 1520 

tacatcgatc catccactaa acccetgcag azcaagaccc actgtacaat txcucggtac 1980 

ccgtcacgtr caacacaaaa agccgaagaz gtgagagrac acatcccati cazcccaaza 2040 
45 ' 

catagcacaa caacatgrag caacagaacc cgcagaaaca caaagcatga tcagcaagac 22 CO 
tccatgggca ctgagttaLc atgaactaac cgctatcacc aaaaacaccc ctcttattcc 2160 
cccaaccgac gacccgaacc ccagczater ccicccacac cgcrcccagc accagcagca 2220 
gcagcctgct ccctgaccct ccgtggggcc acaacatgca cgcccccacc gacactccca 2280 
acgcccccga ccccacccct cgcgccccca ctagcagact ccccgaacca cccgcgcagc 23<C 
cacgccggcg ccgiaccigc agccccgagc gagccggtgi caaagacagz ccaccaccag 2400 
agG-vggccqa cgacagcccc egagatgctc atcccagccg cgccggggcc gcccatgagg 24 6C 
aggcccatgc cgacgagca: ctacggaagg tagatcacgc ggsaggtgat gagcccgaag 2520 







sacgatgtct 


gggacccagg 


tggggcgacc ccgcaggaga 


cctaggtgag cgcgaggagg 


2580 




e 


agcgcgcgcc 


tgtgcscaaa 


ggtgccgagc gcaetcttga 


ggccctggtg tgagccgggt 


264G 






tagcgcaaa? 


gtcagacgcg 


ggetgstact - attggscgta 


cgaggatagc 


aagtcctgcg 270C 






agccagagct 


gccatgccts 


guC'gddcac ccgcggggga 


agtgtgtctc 


ttctacctcs 


2760 




10 


ttCCectttC 


gaCuaortwC 


aacictacgc iccrcactai 


catcatgtat 


tgcaacagtg 2820 






tcouccgcac 


cagagcarcg 


caacgwCgaa gatcaegitg 


atccccgagc 


ctataaagac 2S8C 






aaggicagco 


ccgacazcgc 


atgzactcag acaagattga 


gtccgcactz 


cccaagaaga 


2940 




agctcgtasa 


cactctccac 


atciacatta acaccigact 


a:cgcatacc 


ttctcagigc 


3000 






ccgacttatc 


tttcatccaa 


ctacaaagac acaaacccac 


ctcaaacctc 


tgcguaacgs 






20 


accccttcac 


aaacaccacc 


ztgzarattc gcaagattcg 


caogagcact 


cgcaaggtca 








cggcgagaca 


ggaggcgca* 


agaaarcgac tgacrggagg 


gatrttgcga 


atctcatcca 


3180 




25 


tgaaagacaz 


cttgagcaga 


ctggacgtgs gtagagcga* 


agaagtacag 


caggcagagc 


324C . 




agagacgacc 


ccagaatgtg 


gggaacaaca agcaggagga 


ggagtagagi gattttgaag 


3300 






taatgaaaac 


tggcgcaacc 


taatacaaac tgta-gaggg 


acatccgtgg acataaagca 


3360 




30 


ttccgcaccz 


cgggcaagac 


attcaatctc actaatgcac 


ttcacuttcc gagttcaact 


3420 






tcaaactcca 


cittgaaact 


rcsgarcc 






3448 


5 


35 


<21G> 2 
<211> 684 
<212> Dann 













<2i3> Trametes versicolor 

40 <22Q> 

<221> CDS 
<222> {Ii..(684} 

<400> 2 

45 atg teg etc gaa aaa tac cac aca gag etc ate gag cac ggc atg acc 48 

Met Ser Leu Giu Lys Tyr Gin Thr GIu Leu He Giu His Gly Met Thr 

1 5 10 15 

gcc ggt ccg etc aag ttc ggc acc etc acc etc aaa tee ggc egg acc 5c 
-5(r* Ale Gly Ala Leu Lys Phe Gly Thr Phe Thr Leu Lys Ser Gly Arg Thr 
20 25 30 

teg ccc tac ttc ttc aac gcc ggc etc etc gcg tec ggg ccc gtg etc 144 
Ser Pre Tyr Phe Phe Asn Ala Gly Leu Leu Ala Ser Gly Pro Val Leu 
55 35 40 45 

gac acg etc tgc tec qcc tac ccc gcg acg ate gcg cgc gcg etc aac 152 

Asc Thr Leu Cvs Ser Ai« Tyr Ala Ala Thr lie Ala Arg Ala Leu Lys 
'so * 55 . €0 

60 



gcc teg ccc ggg erg ccc gcg zzc gac gtg c-c ttc ggc ccc gcg tac 240 
Aia Ser Pre Qlw Leu Pro Als Phs Asp Vci Leu Phe Giy Pro Als Tyr 
65 ' 70 75 80 

5 aag ggc azz ccg ttc gcc gcg ggc acc gcg cxg ctg ctg cac c^c gac 283 
Lvs GIv lie Pre Phe Ala Ala Glv Thr Ala Leu Leu Leu Kis Arc Asc 
85 9C 95 

C6C ggc ate acc etc egg ttc gcg zac gac egc aag gag gcc sag gat 336 
10 Kis Gly lie Thr Val Gly Phe Ala Tyr As? Arg Lys Giu Ala Lys Asp 
100 105 110 

cat ggg gee ggc ggg ata czz qzq ggc gcg eeg g^c agg gcc aag egc 384 
His Gly Glu Gly Gly lie Leu Val Giy Ala Pro Val Arg Gly Lys Arg 
15 115 12C 125 

gtg ctg gtg etc gac gac etc ccg acg gcg ggc acg gcg ate egc cag 432 

Val Leu Val Leu Asp As? Val Ala Thr Ala Gly Thr Ala lis Arg Gin 

130 * 155 140 

20 

ccc att gag act gtg acc aag gac ccc gcc gag gtc gtt ggc gcg ctg 480 

sj, Ala He Glu Thr Val Thr Lvs Glu Giy Gly Glu Val Val Giy Ala Val 

145 150 " 155 160 

O 25 ttg atg etc gat egg cag gag gtg ggc aag gag ggc aag age ace ett 528 

Id Leu Met Leu Asd Arg Gin Giu Val Giy Lys Glu Gly Lys Ser Thr Leu 

n ^ ^"^^ ^"^^ 

gcg gag gtc gag gcg ctg ttg ggc ccc sag gga cgt gtg ccg acg ate 576 
f= 30 Ala Glu Val Giu Ala Leu Leu Gly Gly Lvs Gly Arg Val Pro Thr He 

"^J 180 165 ISO 

etc agg atg aag gac ct:c atg aag tgg ttg cag gag cac ggc egg acg 624 
H I'eu Arg Met Lys Asp Leu Met Lys Tr? Leu Gin Glu His Gly Arg Thr 

35 " 195 200 205 



fU 40 



45 



gac gag ctt gcg aag atg caa gac tac tgg gag cag t«c ccc gcg aag 672 
Glu Giu Leu Ala Lys Met Glr. Giu Tyr ?rp Glu Gin Tyr Gly Ala Lys 
210 ' 215 220 

caa age gaa tga 68 4 

Giu Ser Glu 

225 



50 



<210> 5 
<2;L 1> 227 
<212> PRT 

<213> Trametes versicclcr 
<400> 5 

Met Ser Leu Giu Lvs Tyr Gin Thr Giu Leu He Glu His Gly Met Thr 
1 "5 10 15 

55 Ala Gly Ala Leu Lys Phe Gly Thr Phe Thr Leu Lys Ser Gly Arg Thr 
20 25 30 



Ser Pre Tyr ?he Phe Asn Ala Gly Leu Leu Ala Ser Gly Pro Val Leu 
35 4C 4 5 



60 



4 ' A .> 



Asp Thr Leu Cvs Ser Ala Tyr Ala Ala Thr lie Ala Arc Ala Leu Lys 
' 50 " 55 60 

Ala- Ser Pro Gly Leu ?rc Ala Fhe Asp Val Leu ?he Giy Pro Ala Tyr 
5 65 70 "^S 60 

Lys Giy lie Pre Pfie Ala Ala Glv Thr Ala Leu Leu Leu His Arg Asp 
85 ' SO 55 

10 His Giy lie Thr Vai Gly Phe Ala Tyr Asp Arc Lys Glu Ala Lys Asp 
100 105 ilO 



15 



His Gly Glu Giy Glv lie Leu Vai Gly Ala Pre Vsl Arg Gly Lys Arc 
lis ' 120 125 

Vai Leu Val Leu Asp Asp Vai Ala Thr Ala Gly Thr Ala lie Arg Gin 
130 ' 135 1^0 



Ala lie Glu Thr Vai Thr Lys Glu Gly Gly Glu Val Val Gly Ale Val 

20 145 15G 155 160 

Leu Met Leu Asc Arg Gin Giu Val Gly Lys Glu Gly Lys Ser Thr Leu 

165 1*70 175 

25 Ala Glu Val Glu Ala Leu Leu Gly Gly Lys Gly Arg Val Pro Thr lie 

180 185 ISO 



30 



Leu Arg Met Lys Asp Leu Met Lys Trp Leu Gin Giu Kis Gly Arg Thr 
195 200 205 

Glu Glu Leu Ala Lys Met Gin Glu Tyr Trp Glu Gin Tyr Gly Ala Lys 
210 215 220 



Glu Ser Glu 
35 225 



m <21C> 4 

fl <2ii> 26 



40 <212> Dann 

<213> Artificial Sequence 



45 



<220> 

<223> Description of the artificial sequence: Primer A 
<220> 

<221> prime r^bind 



<222> (1) . . {26J 

50 <220> 

• <221> prime r_binc 
<222> il) . . (26) 
<223> n « i 

55 <400> A 

ttyggnccng cntayaargc nathcc 2b 



. <210> 5 
60 <211> 22 



5 



<212> Dann 

<213> ftrtificial Sequence 
<Z2G> 

5 <223> Description of the artifidal se<pj«Tce: PrknerB 
<220> 

<221> primer^bind 

<222> Coaipiement ( Jl) . . {23} ) 

10 

<220> 

<221> primer^bind 

<222> Complement { (1} . . U3) ) 

<223> n * i 

15 

<400> 5 

ttnccnccyt cnccrtgrtc ytt 



20 <210> 6 
<211> 35 
<212> Dann 

<213> Artificial Sequence 

25 <220> 

<223> Description of the artificial sequence: PyF-1 

<220> 

<221> misc feature 
30 <222> (11,7(35) 

<4C0> 6 

ctagacatgt ccctcgaaaa azaccagaca gagci 

35 

<210> 1 
<211> 35 
<212> Dann 

<213> Artificial Sequence 

40 

<22G> 

__<223> Description ofthe artificial sequence: PyF-2 
<220> 

45 <221> laisc^fearure 

<222> Coopleinenr { (1) . . (35;} 

<400> 1 

ctccctcgta tttttcgagc oacarctcts gagct 
50 ' " 



